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PREFACE. 



A T the present time, when so many works on the subject are 
before the public, a Manual of Geography may seem to 
require more than ordinary preface; nevertheless, a short one may 
explain the object of its publication. 

Hitherto, those intended to be used in education have been 
rather compendious works of reference, than introductions to the 
study of a science, and are often overloaded with details, while 
general principles are omitted. 

In the present work, an attempt has been made to avoid these 
evils, and so to classify, arrange, and systematize the information 
contained in it, that it may be immediately available both to the 
teacher and to the scholar; and by the omission of all non-essential 
details, whether political, statistical, or topographical, to confine 
the attention to the principal subject. How far the attempt has 
been successful, those must decide for whose benefit it has been 
made. 

Although the First Part may appear to be composed of distinct 
and separate treatises, it is presumed that, on consideration, they 
will be foimd to form a consistent whole, — each part being, not- 
withstanding, complete in itself; — that Professor O'Brien's mode of 
working astronomical problems by construction, the explanation of 
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the form and use of the more simple instruments, and other things 
not usually found in the mathematical portions of geographical 
works, will be readily accepted, by the unscientific reader, in the 
place of the barren outlines of astronomy and paradoxical problems 
in the use of the globes, which made this science so unpalatable in 
our youthful days. In the portion devoted to Physical Geography, 
Professor Ansted's classification of great leading facts may well 
compensate for the absence of minute details; while in the chapter 
on Chartography, Colonel Jackson's intimate acquaintance with the 
various modes adopted to portray the varying features of the mr£ace 
of the globe, will enable the reader to peruse in a condensed form, 
information not easily accessible elsewhere; and in those on the 
Theory of Description and Geographical Terminology, the effort 
which has been made, on the one hand, to develop a system, and on 
the other, to pursue inquiries hitherto comparatively neglected, will, 
it may be hoped, not only facilitate the attainment of knowledge 

4 

now, but lead to its extension hereafter. 

The geographical knowledge of the ancients, the principal use 
of which is to illustrate ancient history, being limited in its extent, 
and derived from those who were, for the most part, entirely 
ignorant of geography, in the more enlarged acceptation of the 
term; " The world as known to the ancients'' must of necessity be 
considered topographically; but the world as known at the present 
time, will be considered first as a whole, then in its larger divisions 
and minuter sub-divisions, whether natural or civil. In this, which 
forms the Second Part of the work, the less essential details have 
been omitted, as generally accessible in Geographical Gazetteers. 
Normal figures and sections have been introduced, in the belief 
that their general adoption, in the study of Geography, will much 
facilitate the acquirement of accurate knowledge. 
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PREFACE. VU 

In the Atlas attached to this work, all the principal facts of 
Physical Geography will be found compressed within less than 
ordinary limits, but, it is believed, well defined and without con- 
fusion, and fully sufficient for the purposes of elementary study. 
The compilers have freely availed themselves of the labours of their 
predecessors, yet the work has features peculiar to itself; among 
these may be mentioned the omission of names of places in the 
maps generally, and confining them to a Reference Map, so that 
the attention may not be distracted from the more immediate 
object; a comparative Chart of ancient and modem Qeography 
and geographical discovery, and an attempt to express by reversed 
shading the vertical contour of the surface of the land, from which, 
at a glance, a general idea, not only of extent but of elevation, 
may be obtained. 

C. G. N. 
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INTRODUCTION. 



THE importance of Astronomical and Optical knowledge to the practical 
Geographer is so obvious, that it will not be necessary to say anything 
on the subject here; and we shall therefore, without further preface, 
proceed to state briefly the nature and extent of the information which we 
propose to give the reader on the subjects of Astronomy and Optics. 

In the first place, then, we must observe, that the space allotted to 
Astronomy in the present Geographical Treatise is, of necessity, very 
limited, and therefore we must follow one of two courses in treating of 
the subject; we must either give a general outline of the whole science 
without entering into particulars, or we must select some portion of it of 
special importance to the Geographer, and develop that at some length, so 
as to make it practically useful. 

We prefer taking the latter course, for two reasons : First, because the 
space to which we are restricted would only allow us to give a very un- 
satisfactory outline of Astronomy in general; and, secondly, because 
though the greater part of Astronomy has some bearing, directly or in- 
directly, on Geography, there is one topic of paramount importance 

namely, the means which Astronomy affords of determining position an the 
earth's sti/rface; the great practical problem which the Geographer has to 
solve by means of his Astronomical information being — ^to determine the 
relative positions of the various places he may happen to visit. 

We shall therefore devote the space here allowed us to the explanation 
of Astronomical Principles, so far as they have immediate reference to this 
impo^ta^t problem, and no farther. We shall suppose that the reader is a 
traveller who is anxious to know just enough of Astronomy to enable him 
to determine- the Meridian, the Latittide, and the Longitude of any place 
and that he has little or no acquaintance with the technicalities of mathe- 
matics. We shall, with this view, explain generally the apparmt motions 
of the heavenly bodies, dwelling but little upon the real motions. We 
shall describe at some length the positions and appearances of the different 
groups of stars or constellations, this being a most essential part of the 
subject practically. As regards Optical science, we shall explain as much 
as is necessary, in order to understand the construction and use of 
the Astronomical Telescope, as employed to determine direction, and of 
the Astronomical Microscope, as employed to subdivide space; we shall 
show how the Portable Transit Telescope is to be adjusted, and how it may 
be made use of in determining everything the Geographer requires to 
know. We shall not have space to say much respecting other Astro- 
nomical instruments; but this will not signify, as the Transit instrument 
is capable of being used with the greatest advantage for every purpose 
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2 INTRODUCTION. 

the Geographer has in view, and requires, on his part, no knowledge of 
what are called the Astronomical corrections. It is on this account that 
we shall dwell more on the Transit Telescope, and say but little respecting 
other instruments. 

The folbwing is a brief outline of the subject, as we shall here treat 

of it: — 

Chapter I. contains a preliminary statement of the more obvious 
celestial phenomena— The Fixity and Permanency of the Stars and Con- 
stellations—The Circumpolar. Kotation— The Proper Motions of the Sun, 

Moon, and Planets. 

Chapter IL— The Celestial Sphere and its Circles. The Constella- 
tions described, in order that the reader may make himself familiar with 
the localities and appearances of the principal stars. In this and the 
previous chapter we have thought it advisable to introduce a certain 
amount of information respecting the numerous allusions in ancient 
writers to the celestial phenomena, and especially the constellations; for a 
dry description of the stars, without something of this kind, would^ be 
scarcely readable, and our object, of course, must be to make the subject 
not only useful, but, as far as we can, interesting also. 

Chapter III. — Astronomical Terms explained — Measures of Time. 
Chapter IV. — ^A Method of solving Astronomical Problems by Geo- 
metrical Construction with Rule and Compass. This method consists of 
the Dissection, if we may so speak, of a solid angle or spherical triangle, 
so as to represent its six parts on flat paper by construction. All pro- 
blems usually given in what is called the ' use of the globes,' may be solved 
by this method with considerable accuracy. It has also the advantage of 
requiring no mathematical knowledge on the part of the reader; at the 
same time it leads very simply to all the mathematical formulae used in 
Astronomy. 

Chapters V. & VI. — The Telescope and Microscope, a^ used in Astro- 
nomy, with the optical principles upon which their construction depends, 
explained. The Micrometer and Vernier. In Chapter V. some account 
is given of the optical phenomena which have immediate connexion with 
Astronomy, such as reflection, refraction, stellar aberration. 

Chapter VII. — ^The Transit instrument, its adjustments, and the 
method of observing with it. 

Chapter VIII. — The Geographical Uses of the Transit instrument. 
Chapter IX. — Hadley's Sextant, Altitude Instrument. 
In Chapters V. & VI. we have introduced a little more optical matter 
than is usual in a treatise on Geography; because our object is, not to 
write a formal treatise on Astronomy, but to give such information to a 
person, ignorant of Astronomy and Optics, as will enable him to under- 
stand the instruments and principles by which the relative positions of 
places on the earth's surface are determined. 



CHAPTER I. 



GENERAL STATEMENT OF THE CELESTIAL MOTIONS. 



I. QftheMrmament, 

TnS first fact that is noticed by any one watching the heavens at night 
is, perhaps, the fixity and permanency of the dmerent gronps of stars 
(or constellations as they are called), notwithstanding the gradual change 
of position which they all appear to undergo from hour to hour during the 
night. These constellations always exhibit the same form and appearance, 
though they are ever on the move. For instance, if the observer px his 
attention upon the seven well-known stars, commonly called the Wain, the 
Plough, or the Great Bear, he will perceive that they always preserve the 



{• • • 

• < 

I • 

■ I 

• I 

I • 

I • 

Fig. a i 

)• • •} • 
., : ij 



same distances from each other, though the whole group is continually 
changing its position in the heavens, if he joins each of these stars with its 
neigm)our by drawing imaginary lines, the figure he so forms will be always 
the same, though he will sometunes see it aa is represented in fig. a, some- 
times as in fig. b, sometimes as in fi^..c, and sometimes as in fig. d, 

2 If he continues to watch this or any other of the constellations for 
years, he will never perceive any change of form ; and we may extend this 
statement to many centuries of past time, for we have evidence, from astro- 
nomical records, and the allusions of ancient writers, that the arrangement 
and grouping of the stars on the celestial vault has ever been the same, with 
a few remarkable exceptions hereafter to be noticed. 
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4 MATHEMATICAL GEOGRAPHY. 

3 In ancient times, before calendars were known, the rising and setting 
of the consteUations were the chief guides of the shepherd, and the tiller of 
the ground, in detemuning the progress of the seasons, and this made men 
in general much more fanmiar with the appearances of the stars than they are 
now. We therefore find continual mention of the constellations in the works 
of antianity, and especially in the poets. To give a few examples, we find 
the followmg lines m Sesiod, Opera et Dies, which we shall quote at length, 
on account of their astronomical mterest : — 

* But when Orion and Sirius have come into the middle of the heavens, 
and the rosy-fingered Aurora has beheld Arcturus, then O Ferses, gather all 
the grapes home.'* 

* But when at length the Pleiades and the Hyades and the mighty Orion 
have set, then be mindful of ploughing in time/f 

' But if the desire of dangerous navigation hafi taken possession of you, 
when the Pleiades, flying the fierce strength of Orion, have at length set in the 
dark Bea, then surely Btorms of Trind wilfblow on eveiy eide.'J 

Another remarkable passage is found at the begmmng of the Second 
Book, hue 381 :— • 

* At the rising of the Pleiades the daughters of Atlas, begin to reap, but 
when they set, to plough. These stars become invisible for forty days and 
nights ; but they appear again, as the year roUs round, when first the scythe 
is sharpened.'§ 

4 The Fasti of Ovid, which is a poetical calendar, alludes to almost all 
the constellations of the heavens, making use of their risings and settings as 
marks and signs, not only of the four great divisions of the year, the seasons, 
but also of months and subdivisions of months. In fact, there is scarcely a 
week which is not marked in the Fa^ti by some particular astronomical note. 
Thus, in the month of May, we have, among several others, the following 
allusions to constellations : — 



Hid. (14th of May.) 

Fleiadas adspicias omnes, totamque sororam 
Agmen ; nbi ante Idus nox erit una super 

Turn mihi non dubiis anctoribus indpit aestas ; 
£t tepidi finem tempora veriB habent. 

VI Kal. (27th of May.) 

Auferat ex oculis yeniens Aorora Booten : 
Ck>ntmuaqne die Sidus Hyantis erit. 



VI No. (2nd of May.) 
Pars Hyadum toto de grege nulla latet. 
Ora micant Tauri septem radiantia flammis, 
Navita quas Hyadas Grains ab imbre vocat. 

V No. (3rd of May.) 

Nocte minus quarta promet sua sidera Chiron 

Semivir. 

n No. (6th of May.) 
Scorpius in ooelo, cum eras lucescere Nonas 

Dicimu9, a media parte notandus erit. 

5 We have still remaining a formal account of all the constellations, in a 
philosophical poem, formerly held in great repute, called the PJuenomena of 
Aratas, the same quoted by St. Paul in his address to the Athenians. This 
poem was founded upon a description of the celestial sphere by Eudoxus, a 
work of much celebrity in ancient times, and probably compiled from earlier 
astronomical writers. The description of the constellations by Aratus is not 
very accurate, owing, not onlv to the imperfections of the work from which 
he drew his materials, but also probably from the fact that he either over- 
looked, or very imperfectly allowed for, the changes in the rising and setting 
of the constellations caused by a change in the observer's latitude. This 
poem was commented upon by many celebrated astronomers, and among the 
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resi^ by Erastosthenes and HipparchuB. It was partially translated into 
Latin by Cicero, when a very yoon^ man, and this transktion is still extant. 
Endoxus died about 370 b.g. This work, though rough and imperfect, is a 
valuable relic of the ancient Greek astronomy. 

6 But it is to Ptolemy, the Alexandrian astronomer and geographer, 
that we are indebted for nearly all the accurate information we possess re- 
specting the state of astronomy before the Christian era. He was himself 
an observer, and, considering the imperfection of his instrumental means, 
his optical measurements deserve ^eat praise. But the great service he did 
to astronomy was by compiling with accuracy the observations of previous 
astronomers, and especially of Hipparchus. In the 7th and 8th Books oi his cele- 
brated work, iheMegale^ntaxu — or, as it was called by iheAxdh^yAhtutgest — 
we have the apparent places of the stars on the celestial sphere accurately put 
down from his own observations, compared with those of the great astronomer, 
Hipparchus. The catalogue of the stars by Hipparchus, who flourished about 
150 years B.C., is lost, but its substance is preserved in Ptolemy's S^tctxis. 
Ptolemy flourished about ^.d. 130. The dhaldeans made great advances in 
astronomy in early times, and Ptolemy often quotes their observations, 
though none earlier than b.g. 720. 

7 From all these numerous sources of information as to the appearance 
of the heavens in early times, we derive ample evidence that the various 
groups of stars which we now see in the heavens have always exhibited the 
same appearances and conflgurations, that they occupy tne same relative 
positions now as in olden time, and that no changes have taken place in the 
general arrangement of the stars, at least none out minute changes, which 
are not sensible to the eve unaided by instruments. Minute changes have 
indeed occurred in the places of the stars, but it requires the most perfect 
and dehcate instruments to perceive them. 

8 It is, in a great measure, this permanency and flxity of the stars in the 
heavens that renders astronomy of such importance in practice. When 
astronomers have once made accurate observations on any particular star, and 
entered its position in their catalogues, there it remains for centuries, an un- 
changeable mark in the heavens, for the use of foture observers — a mark 
both of time and place, by which the saQor can guide his ship with perfect 
safety over the ocean, and the geographer construct his maps and charts with 
unerring fidelity. A star thus determined is a celestial time-piece, that 
knows no error or variation, not only marking minutes and hours, but years 
and centuries ; serving, at the same time, to regulate a watch, and to guide 
the chronologer through the darkness of past ages. 

9 It is not surprismg that the fixity and permanency of the constellations 
should have led men to form the opinion that the expanse in which the stars 
appear to be placed is no empty space, but a vault of durable and firm struc- 
ture. Hence the meaning ojf the Latin YfOTdi,Jirmame7Uum, which has passed 
into oxir own language 9a firmament ; and of the Greek word, (rrfp€a>/ia« 
stereoma, which is derived from arepe&s, firmuSi or firm, Stereoma is the 
word in the Septuagint which is translated firma/ment in our version of 
the book of Genesis. The corresponding Hebrew word, however, contains 
no allusion to any fimmess, but simply si^ifies space, or expansion. The 
word star (coming, as it does, firom cumjp) is not derived from the same 'root 
as stereoma, but from the negative, sigmiying unsteady, no doubt in allusion 
to the twinkling light of the stars. 

10 The opinions of ancient philosophers as to the nature of the stars 
were very various. (See Plutarch's Moralia de Placitis Pkilosqphorum, 
lib. II.) Many supposed them to be nothing but bright ornaments, or, as it 
were, nails fixed in the crystalline sphere, or firmament, (^©y diiajp Kara" 
vemfycvai r<5 ^pvoroXXowSet.) Anaxagoras said that they were stones fiung up 
from the earth, and kindled by the rapid whirling motion of the sdtner, 
(rj d* evTOviq. rrjs ir€pibivrja-€<os avafmd(ovTa irtrpos €K rrjs ynjs, Koi KarafjAf^avra 
TovTos r\(Tr€puc€vm.) Herachdes and the Pythagoreans said that each star was 
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a world, like the earth ; and the same view was held by the followers of 
Orpheus. A great variety of opinions prevailed respecting the nature, dis- 
tance, and magnitude of the heavenly bodies, most of which are stated in 
the work of Plutarch already referred to. 

n. Q/* the drcuTti^lar Motion <f the Heavens, 

11 At the same time that an ordixuiry obserrer notices the permanency 
of form and relative position of the various groups of stars, he perceives that 
every star is moving slowly and steadily; an hour is sufficient to convince him 
of this. Let him fix his eye on any particular star'— say, tot instance, one of 
the seven, in the Great Bear^-^and let him mark its position with reference to 
some terrestrial object, (not too near him,) such, for instance, as the top of a 
tree or chimney, or llie ridge of a roof, and he will soon perceive that the star 
does not continue in Ihe same place. A look at the Great Bear at five or six 
o'clock of a winter's evening, and again at eleven or twelve o'clock, will show 
the motion of the heavens m a stmdng manner ; at the first time it will be 
seen in the position represented by fig. a; at the second time, in that repre- 
sented by ^. h. At five or six in the morning the figure will be inverte<t as 
in fig. c. At 12 o'clock in the day, if the stars were seen, (as they can be 
through a telescope,) they would appear as in fig. d. At the same hour in 
the evening, the stars will come again into the same position. 

12 With a litUe care, three facts may be noticed respecting the motion 
of the heavenly bodies : — First, That they all describe parallel circles about 
one point of the heavens, called the North Pole, (supposing the observer to 
be in the northern hemisphere of the earth.) Secondly, Tnat they all com- 
plete their motion in the same time, coming back to the same positions every 
twenty-four hours. Thirdly, That this circular motion is perfectly uniform, 
each circle — ^i. e., each 360^, oeing described at the rate of 15^ per hour, or P 
in every four minutes of time. 

13 To observe \he truth of these facts, some simple mstrument will be 
necessary, as, for instance, a little telescope mounted in the following way: — 

E D (fi^. e) is the telescope, the ^ «^ 

eye-hole oemg at D; is a joint to \ y^ 

which the teliscope is ^ei', B 0, \ / 

a short hollow cyfinder, or tube, to ^3r\ ./ 

the extremity of which the telescope 
is jointed by the joint 0. By means 
of this joint we may set the telescope 
at different angles to the tube B 0. 
The two holes in the joint are for 
the purpose of tightening or loosen- 
ing it, as may be necessary. 

The tube B fits on a piece 
shown in fig./ round which it may 
be moved; and it is secured by 
little screws B B. The piece on 
which the tube fits is jointed at A 
to the upright stem G A, by a 
joint similar to that at C ; and the 
stem has a heavy base, G, so that it 
may stand steamly upon a table. 

14 Supposing A P to be the 
direction 01 the axis about which 
the tube B C (carrying the telescope 
with it) may be turned, and D 8 
the direction in which 
the telescope looks, ......li.... 

then by making the | 
line AP point to the 
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poky and the Hne D S to any particalar 
star, it will be found, that by turning the 
tabe B C round, witnout altering the in- 
clination of the line D S to theline A P, 
we may always make the telescope point 
to the star. This evidently shows that^ 
the line D S« drawn in the direction of the 
star, always makes the same angle with the 
line A P drawn in the direction of the pole — 
i. e., that the star always preserves the same 
distance from the pole, and therefore that 
it describes a circle about the pole; and 
this being true, as will be found, for all the 
stars, it foUows that they all describe pa- 
rallel circles about the pole. 

15 By pointing the telescope towards 
a star, leaving it in that position for twenty- 
four hours, and then looking again through 
it, it will be found that the star comes back to its original position in twenty- 
four hours. 

16 This will be found true at all hours, and therefore it follows that the 
motion of the star is uniform — ^i. e., that it always moves at the same rate. 

17 To use this instrument as above described, the position of the Pole in 
the heavens must be known in order to direct the line A P towards it. 
The method of finding the Pole by means of a star which is near it, called the 
Pole Star, will be explained in the next chapter. The Pole is about a degree 
and a half from the Pole Star. We shall show in the next chapter bow 
the instrument is to be set, by means of the Pole Star and certain other stars 
of the constellation called the Little Bear, so that the line A P may point to 
the Pole — at least, sufficiently near the Pole for our purpose. 

18 This instrument need not be made very accurately, as it is not capable 
of being used with any great nicety, but only m a rough way, to observe the 
general motions of the lieavenly bodies, such as the diurnal rotation of the 
Stars, the annual motion of the Sun, the motions of the Moon and Planets. If 
a better instrument cannot be procured, such an instrument as this will be 
found very useful to the beginner, as the observation of celestial phenomena, 
even in a rough way, is not only highly interesting, but very instructive as 
far as regards practical astronomy. 

19 Two graduated circles, which 
may be made of pasteboard or paper 
pasted on wood, ought to be addea to 
the instrument as above described — 
one at C, to measure the angle which 
the line S D makes with the line P A, 
and the other at B, to measure the 
number of degrees through which we 
turn the tube B C about tne polar axis 
A P. It will be sufficient to have these 
circles graduated to degrees, as they 
could not be expected to give smaller 
measures with any degree of accuracy. 

20 Instead of the telescope., a rod 
witb a pair of ordinary sights may be 
substituted, as is shown m fig. a, M 
and N being the sights. The sight M 
which, is supposed to be next the eye, 
is a small flat piece of brass with a hole 
in it, as is shown in fig. i. The other 
sight is a similar piece of brass, only 
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it has two pieces of thin wire drawn across the hole at right angles, as is 
shown in fig. h, in order to mark the centre of the hole. The eye bemg placed 
near M, sees these cross wires, and it shonld look in such a manner as to 
make the wires appear to diyide the hole M into four eaual parts— i. e., the 
point where the wires cross each other, or as it is callea, the centre of the 
cross wires, should appear to coincide with the centre of the hole M. 

When this is done, any object, such as a star, which is seen at the centre 
of the cross wires, is in the direction in which the sights point — ^i. e., the line 
joining the centre of the hole M, and the centre of the cross wires points to 

the star. 

31 The line joining the centre of the hole M, and the centre of the cross 
wires, is called the Line qf Direction of the Swhts, and more frequently, the 
Idne qf Collimation, Collimation is derived ^om the Latin word collineo, or 
collimo, (&om con and Ivneo,) which signifies, to direct one thing in a straight 
line towards another — ^i. e., to aim at. This is a line of great importance in 
astronomy, and we shall speak more of it presently. 

22 The telescope (if the instrument nave a telescope instead of sights) 
should be fumielied with cross wires in the focus, to mark its line of direction 
or collimation. The magnifying power of the telescope may be very small. 
A single object-glass of three or four inches focus, and a single eye-glass of one 
or two inches focus, will form a sufficiently good telescope. 

With an instrument of this kind, any person may satisfy himself respecting 
the uniform circumpolar motion of the heavenly bodies : first of aD^ that 
each heavenly bod^ always keeps at the same distance from, the pole, or, in 
other words, that it describes a circle about the pole ; secondly, that it com- 
pletes this circular motion in twenty-four hours ; thirdly, that it always 
moves at the same rate, namely, 15^ per hour, or 1° in four minutes. 

23 To prove these facts with accuracy, it is necessary to employ much 
more perfect and delicate instruments than the above. Astronomers employ 
what 18 called a Transit instrument, which we shall presently describe at 
some length, to observe the time at which each heavenly body comes on a 

Particular line called the Meridian, and for this purpose it is necessary to 
ave a first-rate clock to subdivide time with accuracy to a fraction of a 
second. To determine how far any heavenly body is from the pole, astro- 
nomers use another instrument, called a Mural Circle, or an Altitude InstrU" 
ment. Both these instruments are extremely simple as regards their motions, 
and are capable of wonderfol accuracr^ when well made. A third instrument, 
called an Equatorial, is made use of for measuring small spaces and distances 
in the heavens. These three instruments, fixed in a convenient building, 
together with the clock, and some minor instruments, make an Astronomical 
Observatory. The rude instrument above described may be made to repre- 
sent any one of these three great, or, as they are called, capital astronomical 
instruments. If the line A F be made vertical, and the tube B fixed in such 
a position that the line D S may be in what is called the meridian plane — ^i. e., in 
the vertical plane which contains the pole, then the instrument represents a 
Transit telescope. If, in addition to placing the instrument thus, a gra- 
duated circle be fixed at C, to measure the indination of the line D S to the 
line A P, it represents a Mural Circle. If A F be fixed so as to point to the 
pole, as originally supposed, then the instrument represents an Equatorial. 

m. The Earth* s JRotation the Cause of the Apparent Circumpolar 

Motion of the Heavens. 

24 The circumpolar motion of the heavenly bodies may be either an 
actual and real motion, or it may be only apparent, being caused by an opposite 
motion of the spectator. If we suppose the Earth tobe a round body, as it 
may be proved to be by observation and measurement, and to revolve from 
west to east once in twenty-four hours, about an axis passing through the two 
poles, this wiU sufficiently account for the apparent motion of the heavcoily 
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bodies from east to west about the pole ; for a motion of the earth round its 
axis from west to east would evidentiy make the stars appear, to any observer 
on the Earth's surface, to move about the same axis in the contrary direction, 
&om we<it to east. The natural impression, on perceiving the circumpolar 
motion of the heavens, is, of course, that it is a real motion ; and this was the 
opinion of inankind, with a few exceptions, for many af es. The inquisition 
compelled Galileo to abjure the Oopemican doctrine, (wnich taught both the 
annual motion of the Earth about the Sun and its diurnal motion about its 
axis,) and decreed, ' that the proposition, that the Earth is not the centre of the 
world, nor immoveable, but that it moves, and also with a diurnal motion, is 
absurd, philosophically false, and theologically at least erroneous in faith.' 
The story that Gralileo, on rising from his knees after the abjuration, 
whispered, * E pur se muove' — * It moves nevertheless' — is well known. 

25 The doctrine, that the Earth was the immoveable centre of the 
universe, which was the basis of the Ptolemaic system, was universally 
received until the time of Copernicus, who published his celebrated work, 
De JRfivolutionibus Orbium CcBlestium, in 1543, in which he refutes, but in a 
cautious and hypothetical manner, the complex system of Ptolemy, which 
taught that the stars were carried round the Earth daily by an enormous 
crystalline sphere, and that the motions of the Sun, Moon, and planets, were 
produced in the same manner. Considering the enormous (ustances and 
magnitudes of the heavenly bodies, and the unnatural machinery of cycles and 
epicycles by which the planetary motions were accounted for, Copernicus felt 
tnat some other hypothesis respecting the celestial revolutions was necessary 
to satisfy his mina. He found that some ancient philosophers had taught the 
motion of the Earth about its axis and its annual motion about the Sun. 
CarefdUy and cautiously considering these views, he at length came to the 
conclusion that the Sun is the centre of the universe, and that the Earth revolves 
not only about the Sun, but also about it-s own axis, whereby the apparent 
diurnal motion of the stars is produced. These views he published in the work 
above alluded to, which was dedicated to the pope, Paul III. After the time 
of Galileo, the Copemican system prevailed, and the Ptolemaic was neglected, 
thoiigh the works of both astronomers were still condemned as heretical by 
the Somish church. Mr. Drinkwater, in the Library of Usrful Knowledge, 
Bt«,tes, that both were in the Index ExpurgcUorius for 1828, with the words 
* Nisi corrigatur.* But on this point see Lyell's Geology, p. 68 (7th ed.) 

26 The proof of the Earth's rotation aoout its axis is, m a great measure, 
derived from the fact that it simply, naturally, and reasonably accounts for 
the apparent diurnal motion of the heavens, which the Ptolemaic system 
does not. In addition to this, the peculiar figure of the Earth, which is found 
to be nearly spherical, but somewhat flattened at the poles and protuberant 
at the equator^ indicates the existence of a centnnigal force, caused by 
rotation about an axis. Experiments onpendulums afford clear evidence of 
the existence of this centrifugal force. Experiments on falling bodies, which 
must be considered accurate and satisfactory, have been made, and it appears 
from them that a body let fall from a considerable height always falls a little 
to the east of the vertical ; this can only be accounted for by the Earth's 
rotation. Observation shows that the Sun, Moon, and planets, revolve from 
west to east about their axes, and it is not unreasonable to conclude that the 
Earth is not an exception to what appears to be the rule of the planetary 
motions. 

27 There is another proof that the Earth is not fixed, of the most con- 
vincing kind, derived from the phenomenon of the aberration of light, of which 
we sIimI presently speak. By this curious displacement, the Earth's motion is 
made visible in every star, as it were in miniature, each star describing an 
apparent orbit, similar to the motion of the Earth. T?his, however, appHes to 
the motion of the Earth about the Sun. 

28 One other consideration tends to confirm the truth of the opinion that 
the Earth revolves about its axis. It is this, that a most important end is 
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gained by the Earth's rotation— namely, the axis is thereby kept steady in 
one position. But for its rotation, the Earth's axis would be continnally 
changing from one direction to another, and the effect of this would be extra- 
ordinary Ticissitudes of seasons; we should be at one time in the polar 
regions — at another, in the tropics, subject to rapid and irregular changes of 
climate, and to violent disturbances of the atmosphere and the ocean. The 
example of a common spinning-top or hoop is sumcient to show the effect of 
rotation in keeping a body in one position. It would be a practical impossi- 
bility to balance a top by placing it with its point on the ground, without 
havinff first oommunicatea to it a motion of rotation ; but once make it spin 
rapidfy about its axis, and it will stand steadily on its point — so steadily that 
it will require a considerable blow to upset it. The same thing is true of 
trundling a hoop ; the rotation communicated to it keeps it so steady that the 
pressure of the stick upon it sideways does not upset it, but merely causes it 
to turn slightly out of its course. 

29 It is, then, by a rapid motion of rotation that the 'round world is 
made so fast that it cannot be moved,' not absolutely fixed, it is true, but 
fixed with its axis in one position, by which means the changes from night to 
day, and from season to season, become imiform and regular. And no doubt 
the same important end is gained by the rotation of the Sun, and Moon, and 
planets, each about its axis, and by the revolutions of the planets about the 
Sun. It is by a wonderful combmation of motion and attraction that the 
solar system is preserved unchanged, and each planet kept at its proper 
distance from the Sun. And the rotations and proper motions of the stars, 
now so clearly made out by astronomers, indicate that the same system per- 
vades the universe. It is, most probably, by their motions and attractions 
that the stars are preserved, each in its place. Without that perpetual revo* 
lution and rotation, and that bond of attraction which unites the remotest 
systems, the whole universe, as far as we may presume to judge, would drift 
in conftLsion in the boundless ocean of space, and become a formless chaos. 

IV. Globular Form of the Earth, 

30 It is not necessary to say much on this point here ; that the Earth 
is a globe may be, and has been, continually proved b^ actual observation 
and measurement. The most commonplace observation is sufficient to 
make the fact evident. In every part of tne ocean, the horizon is visibly cir- 
cnlar, this proves that the ocean, which covers a considerable portion of the 
Earth's sunace, is globular. The same is true of the great inland lakes which 
are found in various parts of the world. The appearance of a ship approaching 
land — the masts first oecoming visible, and then the hull, is a familiar proof ctf 
the Earth's rotundity. So also is the circular shadow of the Earth, cast by 
the Sun on the Moon, in an eclipse. The circumnavigation of the Earth; 
which is no uncommon occurrence, may also be adduced. The best proof is 
actual measurement ; but we could not say anything satisfactory on this point 
without introducing mathematical technicalities. 

V. Proper Motion of the Sun, Moon, and Planets. 

f\ 31 We have stated above, that, toith a few exceptions, the heavenly bodies 

always preserve theur relative places unchanged, and appear to describe 
circles about the pole, at the invariable rate or 15*^ per hour, so completing 
the whole circuit of 360° in twenty-four hours. We shall now Ibriefly 
explain what the exceptions are, commencing with the Sxm, whose motion in 
the heavens is the cause of so many important changes to us: those changes 
from light to darkness, and from heat to cold, whidi give rise to day and 
ni^ht, and bring about in order the various seasons of the year. We shall then 
briefly consider the motion of the Moon, and the apparently irregular and 
anomalous wanderings of the planets which were so satisfactorily unravelled 
by Copernicus. The annual motion of the Sun, and the monthly revolution 
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of the Moon, are simple enough at least to ordinary observers, being alwm 
from west to east ; but the motions of the planets seem to be governed oy 
some compHcated law — ^they sometimes move eastward, sometimes westwarOf 
and they sometimes remam stationary. They were supposed in ancient 
times to wander irregularly over the heavens, and henoe tiiey were called 
frXomTTot, or wanderers, by the Greeks, and 'errantes' by Ihe Latins, and 
sometimes ' vagsD.' 

33 These motions and appearances of the Sun, Moon, and planets ute 
beautifully described by Cicero, in the second book De Natura Deirum, which 
is so mucn to the point, that we cannot do better than transcribe it here :•— 

' There remains, last of all, and at the greatest altitude above our habita- 
tion, surrounding and keeping in all things, the expanse of heaven, which 
is also called the aether, the extreme region and boundary of the universe ; 
in which, in the most wonderful manner, bodies of fire perform their ap- 
pointed motions : among which the Sun, though much exceeding the £arm 
in magnitude, revolves about it. And he by nis rising and setting makes 
day and night; and at one time approachmg (towards the pole), and at 
another receding, he turns back twice every year, at opposite points of his 
course — (i. e., at the solstices at midsummer and midwinter) ; between which, 
during one period he chills the Earth, as it were, with sadness, and during 
another gladdens it so that it seems to rejoice with the heavens. ^ The Moon 
also, which, as mathematicians show, is more than half the magnitude of the 
Earth, wanders over the same part of the heavens that the Sun does ; at one 
time being in the same quarter with the Sun, and at another time in the op- 
posite, she transmits to the Earth the light she receives firom the Sun, and 
she undergoes various chaD|;es of brightness ; also, at one time, she comes 
between us and the Sun, and obscures nis light, and at another time, fidling 
into the shadow of theEarlh, which comes between her and the Sun, she becomes 
suddenly eclipsed. Li the same part of the heavens also those stars, which 
we call wanderers, are caused to revolve about the Earth, rising and setting 
like the Sun and Moon ; and the motions of these stars are sometimes direct 
and sometimes retro^ade, and sometimes also they become stationary ; and 
nothing is more wonderful, nothing more beautiful, than this spectacle. After 
these, comes an immense host of fixed stars,' &c. &c.* 

He then goes on to describe the different consteUations, and in so doing, 
he quotes a considerable portion of the astronomical poem of Aratus. 

33 The motions of the Sun, Moon, and planets are twofold i-^first, they 
partake of the same apparent circumpolar motion as the fixed sturs, which, 
as we have explained, is caused by the Earth's rotation about its axis; secoruU^, 
they have other motions which the stars have not, and which are therefore 
called Proper (or peculiar) MotioTis, These motions we shall now describe. 



* * Sestat ultimiu, et a domidliis nostris altissfmns, omnia dngeiiB et ooeroena, ooeli eom- 
plexns, qui idem aether Tocatur, extrema ora et detenninatio mundi : in quo oum admirabUitate 
maxima igneaB fonn» cnrsus ardJnatos deflniuit. £ qaibns Sol, cqjiu magnitudine mnltis 
partibus terra superatm', okcam earn ipsam volvitur. Isque oriena et ooddens, diem 1100 
temque conficit, et modo aooedens» torn autem reoedens, binas in singulis annis reyersiones ab 
extremo oontrarias facit : quorum intenrallo tum quasi tristitia quodam contrahit terram, tom 
vidssim lietiflcet, ut cum coelo hilarata videatur. Luna autem. quae est, ut ostenduut mathe- 
matid, mi^Jor quam dimidia pars teme, iisdem spaliis vagatur quibus Sol : sed turn oongrediens 
cum Sole, tum digrediens, et earn luoem quam a Sole aocepit mittit in terras, et varias ipsa 
mntationes luds habet : atqne etiam tum sutdecta atque opposita Soli radios <^U8 et lumen 
obscurat, tum ipsa inddens in umbram terrae. quum e regione Solis, interpositu inteijectuque 
toTSB, repente deficit. Iisdem spaliis has stellae, quas vagas didmus, drcum terra feruutur, 
eodemque modo oriunter et ocddunt : qnarum motus tum indtantur, tum retardantur ; saepe 
etiam insistunt. Quo spectaculo nihil potest admirabUius esse nihU pulchrius. Sequitor ttel- 
larum inerrantium maxima multitudo,' &o. &c. 
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VI. Proper Motion of the Sun. 

34 The proper motion of the Sun may be easily observed and made out, 
br means of the instrument above descril)ed, in ihe following manner. Let 
the axis AF be directed to Ihe pole, and fixed in that position; then, at 
different times of the year, let the une D S be pointed to the Sun. It will be 
easy to see when the telescope, or the rod with sights, points to the Sun, by 
the shadow it casts on a piece of card fiixed at the extremity D, at right 
angles to the telescope or rod. We may, then, by means of the graduated 
circle, which we have stated should be fixed at C, measure the angle which 
the line D S makes with the line A P, and so find how far the Sun appears to 
be from the pole ; i. e., if the angle is 80°, then the Sun is 80° from the pole, 
if 90°, the Sun is 90° from the pole, if 100°— 100°, and so on. We may here 
observe, that when a heavenly body is 90° from the pole it is said to be in the 
equator, because, if it be 90° from the North pole, it must also be 90° from the 
South pole — ^i. e., it is half way between the two poles, its distances from each 
are equal, and it is said to be in the equator. The equator is, in fact, that 
circle every point of which is at equal distances — ^i. e., 90° from each pole. 

35 Now, if we observe the Sun, as we have just stated, we shall find, 
about the third week in March, that the Sun is 90° from the North pole; and 
at the corresponding periods of the following months, we shall find that the 
Sun's distance from the pole will be exhibited, in round numbers, by the 
following table : — 



Month. 


Sun's dis- 
tance iVom 
North pole. 


Sun'B 

distance firom 

Equator. 


Month. 

i 


Sun's dis- 
tance from 
North iMle. 


Sun's 

distance firom 

Equator. 


March . . 
April . . 
May. . . 
June . . 
July . . . 
August . . 
September 


90° 

78° 
70° 

70° 
78° 
90° 


0° 

12° North. 
20° North. 
23i° North. 
20° North. 
12° North. 

0° 


October . 
November. 
December . 
January . 
February . 
March . . 

1 


102° 
110° 
113i° 
110° 
102° 
90° 


12° South. 
20° South. 
23i° South. 
20° South. 
12° South. 
0° 



3(6 The Sun's distance from the pole in this table may be obtained b^ using 
the instrument as above stated ; his distance from the equator is or course 
immediately obtained by taking the difierence between his polar distance and 
90°. Thus, if the Sun is 70° from the pole, he is 20^ above — i. e., north, of 
the equator, because 20° added to 7(f make 90°, and 90° is the distance of 
the equator from the pole. In like manner, if the Sun is 110° from the 
pole, he is 20^ below— i. e., south, of the equator, for 2(f added to 90° 
make ll(f. 

37 By inspecting the above table, the Sun's motion towards and from the 
pole will DC immediately evident. About the third week in March he crosses 
the equator; after this, he moves continually northward, until the corresponding 
period in June, when he attains his greatest altitude above the equator, about 
23^°. After this he begins to move southward, and continues to do so, till 
about the third week in September, when he again crosses the equator. He 
continues his motion southward till the third week in December, when he is 
at the most southerly point of his course, about 23J** below the equator. 
After this, he returns affain, and moves northwards, till he comes back to the 
equator, about the thira week in March. 

38 It is to this motion of the Sun towards and from the pole that Cicero 
alludes, in the words above quoted — * Et modo accedens, tum autem recedens, 
binas in singulis annis reversiones ab extremo contrarias facit.' 

39 The Sun's motion towards or from the pole is quickest when he crosses 
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the equator, and slowest when he is at the greatest distance from the equator ; 
in fact, about the third week in June, and the corresponding period in 
December, he is sensibly stationary for some days^— i. e., nis motion towards 
or from the nole is scarcely perceptible. This will be easily seen from the 
following table, in which his motions in March and June, 1849, are compared. 
A similar table would show his comparative motions in September and 
December. 



Day of the 


Son's distance 


Day of the 


Son's distance from 


Month. 


from Equator. 


Month. 


Eqoator. 


March 15 


2° 4' South. 


Jtme 15 


23° 20' North. 


„ 16 


1° 40' „ 




, 16 


23° 22' „ 


„ 17 


1° 16' „ 




. 17 


23° 24' „ 


„ 18 


0° 53' „ 




. 18 


23° 25' „ 


„ 19 


0° 29' „ 




, 19 


23° 26' „ 


„ 20 


0° 5' „ 




, 20 


23° 27' „ 


„ 21 


0° 19' K"orth. 




, 21 


23° 27' „ 


„ 22 


0° 42' „ 




, 22 


23° 27' „ 


,, 23 


1°26' „ 




. 23 


23° 27' „ 


„ 24 


1° 29' „ 




, 24 


23° 26' „ 


,, 25 


1° 53' „ 




. 25 


23° 24' „ 


„ 26 


2° 17' „ 




, 26 


23° 22' „ 


„ 27 


2° 40' „ 




. 27 


23° 20' „ 



40 From this table we may see that in March the Sun moves northward 
at the rate of about 24' per day, or 2° in five days ; whereas, in June his whole 
northerly motion from the 15tli day of the montii to the 20^ is only 7' ; and 
from the 20th to the 23rd his motion is not perceptible. 

The position of the Sun, when at his greatest distance fi^m the equator 
was hence called Solis Statio, or the Solstice, because he became stationary for 
a short time at that point. In June, it was called the Summer Solstice, and 
in December the Winter Solstice. The times in March and September, when 
the Sun crosses the equator, were called the equinoxes, because then all over 
the world the length of the night is the same, which is not the case except at 
those particular periods of the year. 

41 But the Sun has anotner proper motion besides that we have just 
explained, which may be made apparent by means of the instrument above 
described, and a watch. 

The axis A P must be pointed towards the pole as before, and the tube B C 
must be fixed, so that the telescope or rod with sights, may be capable of 
moving only in one plane— i. e., about the axis C. If we make the axis C 
horizontal, the telescope will move in a vertical plane ; in fact, in what is 
called the Plane of the Meridian, of which we shall speaJc more presently. 
We shall suppose the instrument to be thus disposed, the axis A P pointing to 
the pole, the tube B fixed so as not to be capable of turning round, and fixed 
in sucb a position that the telescope may move in a vertical plane, or nearly 
so. Anotner plane would answer as ^ell, but it will save circumlocution to 
suppose it to be a vertical plane — ^i. e., the plane of the meridian. 

42 Now at night let the telescope, tnus moving in the plane of the 
meridian, be placed so as to point to any particular stior that happens to be at 
that time in the plane of the meridian. JJet the hour and minute shown by 
the watch be immediately noted. Let a similar observation be made on the 
same star the next night, and of course about the same hour, and let the hour 
and minute shown by the watch be again noted. In this way the time, as 
shown by the watch, in which the star completes its revolution will be 
determined: for instance, suj^pose that at the first observation the watch 
shows twentj minutes past nme, and at the second seventeen minutes past 
nine ; then it foUows that the star completes its revolution in twenty-three 
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hours and fiiW-seven minutes, as shown by the watch. We do not snppose 
the rate of tne watch to be perfeetly accurate ; it should be of course a 
tolerably good watch, but it is no consequence if it gain or lose a few minutes 
in the <&f. 

43 Again, let precisely the same observation be made upon the Sun on 
two sncoessiye days, and in this wa^r let the time, as shown by the watch, in 
which the Sun completes his revolution be determined. In the example above 
supposed, it will be found that the Sun's time of ^mpleting his revolution 
will be very nearly twenty-four hours and one minute, as shown by the watch. 
And in all cases, whatever star we make our observations upon, it will be 
foimd that the Sun takes verv nearly four minutes longer to complete his 
revolution than the stars do, for all the stars, as we have already stated, will 
complete their revolutions in exactly the same length of time. The Sun, 
therefore, is about four minutes later than the stars every day. 

44 Now what is the cause of this P It is not the motion of the Sun 
towards or from the pole, because such a motion would not in any way affect 
the time of the Sun s coming into the plane of the meridian, it would only 
make him cross that plane nearer to or further from the pole, as the case 
might be. The cause must be, therefore, a badcward transverse motion 
— ^i. e., a motion perpendicular to the motion towards or from the pole, 
which makes the Sun arrive at the plane of the meridian four minutes late 
every day — ^i. e., four minutes later tiian if the Sun were, like the stars, fixed 
in the heavens, and only subject to an apparent motion caused by the rotation 
of the Earth about its axis. If we suppose the watch to be regulated by the 
stars — ^i. e., if it shows twenty-four hours as the time of each stSt's completing 
its revolution, then, if the Sun crosses the meridian j)lane at twelve o'clock 
to-day, he will not cross it to-morrow till about four minutes past twelve. At 
twelve o'clock to-morrow, therefore, the Sun will be one degree behind the 
meridian; for in four minutes of time each heavenly body describes one degree 
of its apparent circular motion, and therefore as the Sun will arrive at the 

Slane of the meridian at four minutes past twelve o'clock, he must be one 
egree behind that place at twelve o'cIock. 

45 We have now made out in a rough way the proper motions of the 
Sun ; he has two proper motions, one towards or from the pole, as the case 
may be, the other a backward motion perpendicular to the former, at the rate 
of about one degree daily. 

By the conu)ination of these motions the Sun appears to describe an 
oblique circle in the heavens, moving backwards, (that is, from west to 
east.) Moving in this circle, he crosses the equator, at the time of the 
equinoxes, at an inclination to the equator of about 23^^ This circle is 
called the ecliptic, because eclipses of the Sun and Moon occur only when the 
Moon crosses or comes near this circle. 

46 The proper motion of the Sun is only a|)parent, being caused by the 
Earth's real motion about the Sun. The Earth is one of the planets, being 
the third in order from the Sun ; the planets all revolve round the Sun in 
planes, but little inclined to each other, and in nearly circular orbits. This is 
the Copemican theory, and it is the only rational way of accounting for the 
Sun's apparent proper motion, and the apparent proper motions of the planets — 
of which we shall speak immediately. Newton's theory of universal gravitation 
applied to determine the motions of the solar system, confirmed as it is in 
the most astonishing manner, by predictions of eclipses and occultations, and 
by solar, lunar, and planetary tables calculated from it, and verified with the 
greatest exactness by repeated observations, proves beyond doubt the truth 
of the Copemican theory, as also does the phenomenon of aberration, to which 
we have already alluded. 

47 The apparent motion of the Sun towards and from the pole is caused 
by the inclination of the Earth's axis to the plane of the ecliptic — ^i. e., the 
plane in which the Earth moves round the Sun. If the Earth's axis were 
perpendicular to this plane, the Sun would always appear to be 90° from the 
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pole, as is manifest. But this not being the case, the Sun sometimes appears 
to be nearer to, and sometimes further from, the pole, as the Earth mores 
round* 

48 To show this, we must observe that the Earth's axis remains parallel 
to itself, or yery neady so, during the year — ^i. e., it always points in the 
same direction ; also its inclination to the plane of the elliptic is 66^^ in 
round numbers. 

Now, this being the case, suppose E, fig. a, to be the Earth's centre, E P 




its axis, and S the Sun, the angle PES beinff 66 J°; then, in this position of 
the Earth with reference to the Sun — ^the polar distance of the Sun — i. e., 
the angle P E S, is 66i^. 

But in six months the Earth will describe half its orbit round the Sun, and 
therefore come into the position E', just opposite E on the other side of S, as 
is represented in fig, ; also the axis E' P will be parallel to its former 
direction E P, as is shown in the figure. Therefore the angle P E' S, which 
is the Sun's polar distance, will be evidently greater than 90° — ^in fact, as 
much greater than 90° as P E S is less than 90° ; in other words, the Sun 
will be 113^° from the pole. 

49 It appears, therefore, that in one position of the Earth, the Sun will 
be 6^° from the pole, and in six months after 113i° from the pole. During 
the six months, the polar distance wiU gradually increase from 66J° to 113^^ 
being 90° at the end of three months. In the remaining six months of the 
year, the polar distance will diminish till it becomes 66^° again — namely, 
when the Earth comes back to the position E. 

The Earth in the above figures is supposed to move about S in a plane 
perpendicular to the plane of the paper. Hence it appears that the supposi- 
tion of the parallelism of the Earth's axis, as it moves round the Sun, accounts 
for the changes in the Sun's polar distance. 
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VII. Proper Motion of the Moon a'nd Planets. 

50 The proper motion of the Moon is similar to that of the Sun, only 
about 13 times quicker, aad rather irregular, at least, imparsently irregular, 
but really obeying a refinalar, though complicated law. The Moon's proper 
motion may be obserrea by the instrument we have described, and exactly in 
the same way as the Sun*s. It takes place in a circle inclined about 5° to the 
ecliptic, in wnich she moves from west to east in less than a calendar month. 
The following table will best explain the nature of her motion, which, like 
that of the Sun, is twofold— K>ne motion towards or from the pole, the other a 
backward motion: — 



Day of 


Moon's distance 


Hour that the Moon comes 


Uonth, 181». 


from equator. 


to the meridian plane. 


SvXj 1 


14° 10' South. 


9»» 15" afternoon. 


.,2 


16° 28' „ 


10»» 1" 


„ 3 


18° 4' „ 


\(^ 48" 


.. 4 


18° 53' „ 


IV 36" 


„ 6 


18° 1' „. 


12'» 0" 


„ 6 


16° W „ 


0^ 24" morning. 


., 12 


1° 8' North. 


S"* 7" „ 


., 13 

1 


6° 27' „ 


5»« 56" 



The proper motion of the Moon is not apparent, but real ; the Earth being 
the bodyabout which the Moon actually revolves. 

51 The proper motions of the planets may be observed in the same 
manner as those of the Sun and Moon ; they are much more complicated, as 
the following table for Mercury will show : — 





Number of minutes by which 


Corresponding 

motion 

backward or forward. 


Da^ of 1849. 


Mercmy is too late or too 

soon in crossing the meridian 

plane each day. 


Jannarr 1 


7 minutes late. 


If ° backward. 


„ 16 


7 „ 


li° 


February 1 


5i ., 


ir „ 


5 


4i „ 


IF 


„ 10 


2 


Oi° 


„ 11 


li „ 


or 


„ 12 


1 


/ylO 


,. 13 





0° 


„ 14 





0° 


„ 15 


1 „ too soon. 


Oi° forward. 


., 20 


3i „ 


OJ" 


„ 26 


4 


1° 


March 1 


2 


Oi° 


6 


1 


Oi° 


6 

7 





2*° :; 


8 





0^ 


» 


^ „ late. 


0J° backward. 


» 10 


1 


0i° 


„ 16 


3 


0J° 


„ 20 


4. 


1° 



From this table it is evident that in the first half of January, Mercury was 
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continnally moving backward among the stars, (i. e., from west to east,) at the 
rate of about 1|° per day. Up to the 13th of February, this daily backward 
motion became continually smaller, being 1|° on the 1st of February, 1^° on 
the 5th, only i® on the lOfch. Between Sie 13th and 14th, Mercury had no 
proper motion backwards or forwards, and so far became stationary. On the 
15th, Mercury began to move forward (i. e., from east to west) at the rate of 
i° per day ; on the 20th, this forward motion had increased to f ® daily ; on 
the 25th to 1° ; on the 1st of March it had duninished again to i° ; on the 
5th to ^° ; and between the 8th and 9th, Mercury became stationary again ; 
after tma the motion became again retrograde. 

52 From this description of the apparent proper motion of Mercury 
among the stars, which applies to Venus likewise, it is easy to understand 
the words of Cicero above quoted, * quorum motus turn incitantur, tum 
retardantur, ssepe etiam insistunt.' 

We have considered Mercury in the above description on account of his 
rapid motion, but it is difficult to see him on account of his proximity to the 
Sun. Venus would be the proper planet to make observations upon with the 
instrument above describea, by the assistance of which, as in the case of the 
Smi, the proper motiouB of the planet may be made out. 

Vm. 2%e Camplicaied Motions of the Planets are explained 'hy stt^osing 
' that they and the Earth move about the Sun as centre, 

53 The explanation which Copernicus gave of the apparently complex and 
irregular motion of the planets was, that they all, along with the Earth, move 
round the Sun as centre. This motion takes place nearly in one plane, (at 
least as regards the principal planets,) namely, the plane of the ecliptic. All 
the planets move the same way, which is from west to east — ^i. e., contrary to 
the apparent diurnal motion 01 the heavens, but in the same direction as the 
Earth's rotation about its axis, which causes that apparent motion. 

54 It is the combination of the motion of the planet and that of the 
Earth, that makes the former appear sometimes to move forward, sometimes 
backwards, and sometimes to be stationary. To a spectator in the Sun, the 
motions of the planets would appear simple enough, the Sun being the centre 
about which they all move. But to a spectator on the Earth, which is not 
the centre of motion, and which moreover is itself moving round the Sun, 
the planetary motions must necessarily appear very complicated. To explain 
the fact that the planet's apparent motion is sometimes from east to west, 
sometimes from west to east, and 
sometimes ceases altogether, we 
have only to consider the dif- 
ferent relative positions of the 
Sun, the Earth, and the planet. 

55 Let us suppose the planet 
to be what is called inferior — 
i. e., nearer to the Sun than the 
Earth is, of which kind there are 
two. Mercury and Venus. In 
this case the motion of the planet 
about the Sun wiU be quicker 
than that of the Earth, for the 
nearer a planet is to the Sun, 
the faster it moves. In the first 
place, suppose the three bodies 
to be in the positions represented 
in fig.y, E denoting the Earth, 
S the Sun, and P the planet — 
say Venus, for example. The 
arrows show the directions in 




Fig.i 



C 
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whicli E and P are moving in the circular orbits about S. While P is moving 

over a space of 10 miles along its orbit, E will describe a space of about ^ 

miles, for the velocity of the Earth is, in round numbers, to that of Yenus, 

as 8| is to 10. 

Now the effect of the Earth's motion of 8 J miles, will be to produce an 

apparent motion in Venus of 8^ miles, but in the opposite direction to that 

of the Earth* — ^i. e., in the direction of the arrow !B. This apparent motion 

must therefore be added to the real motion of Venus — ^namely, 10 miles — 

which gives altogether a motion, in the direction B, of 18^ miles. 

56 Secondly, suppose the 
three bodies to oe in the posi- 
tions represented in fig. k, then 
the motion of the Earth will, as 
before, communicate an apparent 
motion of 8^ miles to F, but 
now in the contrary direction to 
the arrow B, which shows the 
direction in which Venus de- 
scribes her real motion of 10 
miles. The apparent motion 
must therefore now be sub- 
tracted from the real motion, 
and this will leave altogether a 
motion of 1^ miles in the direc- 
tion B. 

- 57 Hence, to a spectator on 
the Earth, Venus, when situated 
as in fig. j with respect to the 
Earth and Sun, will appear to 
move with almost double her 

real velocity, from west to east, for that is evidently the direction in 

which B pomts in fig.y, being the direction in which the Sun will appear to 

move, in consequence of the Earth's motion about him. But when situated 

as in fig. k, Venus will appear to move, with not one-fifth of her real velocity, 

in the opposite to the former direction, that is, she will appear to move from 

east to west. 

58 Thirdly, when the three 

bodies are situated as in fig. I, 

the real motion of Venus will 

be oblique to the Hue E P, and 

so will the apparent motion 

which arises from the Earth's 

real motion, and is equal and 

opposite to it. But the former 

motion will be more oblique 

than the latter, and thererore 

the former motion, which is the 

greater of the two, will appear 

more diminished in conse- 

q[uence of the obliquity of Hie 

Ime E P, than the latter, so 

much so, that supposing E and 

P to be in the proper relative 

positions in their orbits, the 

two motions will appear to counteract each other, and the planet will then 
seem to be stationary. 

• A spectator in smooth and rapid motion, as for instance in a raflway carriage* beoomea 
Insensible of his own motion, and fancies that external oljjects, trees, boildinM, &c. are all 
moYing backwards at the same rate that he is reaHjr moving forwards. 
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59 Thus it is evident that the Copemican hypothesis (that the planets, 
with the Earth, move round the Sun as centre) clearly explains the otherwise 
nnaccotmtable fact of the planets sometimes appearing to move firom west to 
east, sometimes from east to west, and sometimes to be stationary. 

60 The same reasoning^ the above would apply to the superior planets, 
or those farther than the JBarth from the Sun, of which the principal are 
Mars, Jupiter, Saturn, Uranus, and the lately discovered Neptune. Only 
a slight difference must be made because of their real motions being 
always greater than the apparent motion produced in them by the real motion 
of the Earth. 

61 We have now given a sufficient general statement of the principal 
celestial motions, to serve as an introduction to the subject of as^onomy. 
Li the following chapters we shall confine our attention to the practical pajrt 
of astronomy, as far as it is important to our present purpose, and space will 
permit. 



CHAPTEE II. 

THE CELESTIAL SPHERE AND ITS CIRCLES 
THE CONSTELLATIONS. 

I. ImportaTice of a knowledge of the Constellations. 

A KNOWLEDGE of the manner in which the stars are grouped together 
and distributed over the heavens, and some degree of familiarity with 
the names and positions of the different constellations, and of the prmcipal 
stars composing them, are highly desirable, not only as matters of deep 
interest, but also of practical importance. It is true, mdeed, that an astro- 
nomer in his observatory niay make his observations without ever havmg 
looked upon the heavens with the naked eye, he may, by means of his 
catalogues, his tables, and his clock, point his telescope to any particular 
heavenly body without looking out for it beforehand; and so far tne know- 
ledge we speak of is of no importance to him. But, if he wishes to compare 
his observations with those of others in past times, and to study the records 
of astronomers, both ancient and modem, he must be perfectly familiar with 
the classification of the stars into constellations which has prevailed over 
the whole civiliaed world for centuries, and which has the sanction of every 
great astronomer since the earliest times. 

63 But there are very few who have an observatory to make use of j the 
great majority of persons who study astronomy practically must make their 
observations with portable instruments, in unknown latitudes; indeed, the 
object such persons have in view is to determine where they are on the 
Eartli's surface, and it^ chiefly for this purpose that they stuay astronomy. 
Now to such persons, catalogues and tables can be of no use, as far as finding 
any particular star is concerned ; for an astronomer cannotpoint his telescope 
by such means except he knows his exact position on the Earth's surface. A 
sailor who wishes to direct his course over the ocean by astronomical observa- 
tions, must know where to look for each heavenly body he makes use of for 
that purpose ; and the same is true of every observer in an unknown locality; 
he must be perfectly familiar with the different groups of stars, the names 
they are called by, and their relative positions in the heavens ; otherwise, 
however well versed he may be in the theory of astronomy, he will not be 
able to make any use of it practically. 

64 But it may be said that the classification of the stars which has been 
so long in use, is perfectly arbitrary, having no absolute relation to their actual 
distrimition and arrangement ; that a much better, and less absurd system of 

c2 
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grouping might be adopted than the monsters and figures of the celestial dobe. 
This may be true, to a certain extent, but exactly the same thing might be 
said of the division of England into counties. If any one proposeato make a 
new and more convenient division of England, bv forming it mto squares, or 
rectangles, or any other regular figures, it would, be easy to show the useless- 
ness and inconvenience of such a proposition, by saying that the present 
division into counties has been in existence for a long period of time, that it is 
recognised in our laws, our historical records, and our literature, and that it is 
in many cases well suited to the natural divisions of the country. We may 
make a similar answer to any one objecting to the present division of the 
heavens into constellations, it has been in existence for centuries. Astro- 
nomers have always made use of it in describing celestial nhenomena, and in 
recording their observations ; and ancient writers are fcul of allusions to it, 
not only astronomical and geographical writers, but poets, historians, chro- 
nologers, and even the writers of the inspired volume. Besides, the division 
is by no means imsuitable to the actual grouping of the stars, and makes a 
much more lasting impression on the memory than a more regular division, 
as, for example, into zones and segments of zones, would do. 

65 To the geographical student, a perfect acquaintance with the constel- 
lations is absolutely necessary, if he wisnes to make any practical progress in 
ike scientific part of the subject. We shall therefore devote the present 
chapter to this part of astronomy, and endeavour to give a fair general idea of 
the manner in which difierent constellations are distributed over Ihe heavens, 
and the positions of the principal stars composing them. 

II. Preliminary Observatums respecting the Celestial Sphere 

and its Circles. 

66 Before we proceed to the description of the constellations, we must first 
say a few words re8})ecting the celestial sphere and its circles, as we shall have 
to refer to these points constantly in all that we say respecting the constel- 
lations. 

67 Celestial Sphere. — ^A sphere is the surface in solid geometry, which 
corresponds to the circle in plane geometry. Every point of a spherical 
surface is equally distant from the centre, and every part of the surtace has 
the same degree of curvature. The distance of any point on ^e surface of a 
sphere from the centre is called the radius of the sphere, in the same manner 
as in the circle. 

The Celestial Sphere is a sphere described about the eye of the observer 
as centre, with a radius of very great length. On ^e surface of this sphere 
all the heavenly bodies are projected, by lines drawn from the eye— that is to 

say, if P Q E be supi>08ed to represent 
a portion of the spherical suHace, E, the 
eye of the observer— i. e., the centre, 
and ABO any heavenly bodies at 
difierent distances from E ; then, if lines 
be drawn from E through A B and O, 
to meet the spherical surface at the 
points A' B' C\ these points are said to 
be the projections of the heavenly bodies 
ABC upon the spherical surface, and the 
heavenly bodies are said to be projected 
hy these lines vpon the spherical surface. 
68 In point of fact, the heavenly 
bodies are so far ofi* that the eye cannot 
appreciate their different distances, and they appear as if they were all at the 
same distance from it — ^i. e., we view them as u they were ail projected on a 
sphere of immense extent, described round the eye as centre. 

69 It is very convenient to make use of an imaginary sphere as a means 
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of representing the apparent positions of the heayenly bodies. The common 
celestial globe is intended to exhibit this sphere in miniature, with the rarious 
stars and constellations placed upon it, as they actuallj appear to the eye to 
be placed in the heavens. 

70 It is important to explain for what reason we suppose the radius of 
the celestial sphere to be of immense length. It is not merely because it 
appears to be so, but because, by such a supposition, we avoid the necessity 
of defining very exactly the position of its centre. It would be very incon- 
venient if we considered this sphere to be described with a radius equal to the 
Moon's distance from us, great as that distance is ; for then a change of the 
observer's position would sensibly alter the position of the celestijQ sphere. 
Even the Sun's distance, and we may, in the present perfection of astronomical 
science, say, even the distance of the nearest fixed star, would be too short a 
radius for our purpose. As this is a point of considerable importance, espe- 
cially as it relates to what is called Parallax, we must endeavour to make 
our meaning clear by means of a figure. 

71 Let A and "B, (figs. 2 and 3,) be two centres, about ^*g^ 
which two circles of equal radius are described. The distance 
between A and B, in ^, 3, is the same as in fig. 2, but the 
radius of the circles in fi^. 3 is much longer than in fig. 2. It is 
easy to see, by a simple mspection of the two figures, that the 
two circles in &g, 3 are mucm more nearly coincident with each 
other than the two circles in fig. 2. This is made more mani- 
fest by &g. 4, which represents the two circles in fig. 2 magnified so much as 
to become the same size as the circles in &g, 3. 




Fig. 3 



Fig. 4 





72 Now, we may suppose A and B to be the positions of two observers 
on the Earth's surface, and the two circles to represent celestial spheres de- 
scribed about A and B as centres. If the radius with which the spheres are 
described be so small (compared with the distance of A from B) as is repre- 
sented in fig. 2, it is clear that the observer at B will employ a celestial 
sphere sensibljr different in position from that employed by the observer at A. 
But if the radius of the spheres be as large (compared with the distance of A 
from B) as is represented in fig. 3, then the two spheres will not differ, as 
regards their position, in anythmg like the same degree as in the former case. 

If we had space on this paper to represent two spheres described with a 
radius immensely exceeding the distance between the centres A and B, it is 
easjr to conceive, by comparing figs. 3 and 4, how little the two spheres would 
differ from each otner in position. 
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73 Hence the importance of supposing the radius of the celestial sphere 
to be yery great, compared with the greatest distance at which two places of 
observation on the Earth's surface may be from each other; for then we 
may suppose that the celestial sphere at both places is the same both m 
magnitude and position, at least, we may consider the change of position of 
the celestial sphere, in consequence of the observer's change of place, to be 
practically insensible, compared with the magnitude of the sphere. We maj, 
m fact, assume, without any error worth ta£ing into account, that observers 
at different places on the Earth's surface, however distant £rom each other, 
project ^e neavenly bodies on the same celestial sphere. 

iVe must remember that, in consequence of the Earth's motion round 
the Sun, an observer changes his place m every half year, by a distance of 
190 millions of miles, in round numbers. Therefore, we must consider the 
radius of the celestial sphere to be immensely greater than 190 millions of 
miles. The simplest thmg to say on the subject is this — ^that the imaginary 
celestial sphere is of such enormous dimensions, that the whole space occu* 
pied by the solar system is a mere point compared with it, just as the hole 
made oy the point of a compass in aescribing a large circle on paper is con- 
sidered as a mere point, though in reality it is of sensible magmtude, and 
might be made to appear lap^e enough if magnified. 

74 Circles cf the Celestial Sphere, — Oirdes described on the celestial 
sphere, with the observer's eye as centre, are employed very conveniently to 
measure the angles, made by lines drawn from the observer's eye, in the 
following manner : — 

Let E, fig. 5, be the observer's eye, P Q It a portion of the celestial 

sphere, A and B two heavenly bodies, 
which are projected upon the celestial 
sphere by tne unes E A and E B, which 
meet the sphere at A' and B'. With E as 
centre, describe on the sphere a circle. A' 
B" CT, passing through me points A' and 
B', and divide the whole circumference of 
^ this circle into 360 equal parts or degrees. 
' Then, if the portion A' K of ite cir- 
cumference contains 10 of these equal 
parts, it is clear that the angle A' "E B' 
IS an angle of 10 degrees ; iTit contains 
20 of the eaual parts. A' E B' will be an 
angle of 20 degrees, and so on. If, there- 
fore, we conceive every circle described 
on the spherical surface about the eye 
as centre, to be divided into 960 equal parts, each of these parts into 60 
equal subdivisions, or minutes, and each subdivision into 60 equal subdivi- 
sions, or seconds, again; these divisions and subdivisions will show how 
many degrees, minutes, and seconds there are in the angle contained by any 
two lines drawn from the eye. By producing the two lines to meet the 
sphere, and then connecting the points of meetmg by a circular arc, described 
about the eye as centre, the divisions and subdivisions of this arc will show 
how many degrees, minutes, and seconds there are in the angle made by tibie 
two lines. 

75 This method of exhibiting the angles, which lines drawn from the 
eye make wiih each other, by means of circular arcs described on the surface 
of the celestial sphere, is very convenient, as it greatly helps the mind to 
understand and make out how such angles are related to each other. This is 
the foundation of what is called Spherical Trigonometry, of which we shall 
speak more hereafter. 

76 Small and Great Circles of the Sphere, — ^The circles we have just 
spoken of are called Grreat Circles of the Sphere^ the distinguishing property 
of which is— that they are described about the centre of the sphere (1. e., the 
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«iye) as centre. A circle desoibeil on tlie 
sphere, about any other point m centre, is 
called & Small Circle. 

It ia easy to see that a great drole 
divides tlie spherical enrfsce into two 
equal part« (which are thereibre called 
ffemUpierei) ; but a small drole divides 
it into two unequal parts. i 

In fig. 6, A B C D shows a ereat '^1 
circle, and A' B' C D' a small cirde of 
the sphere, the centre of -the former 
circle being O, which i> snppoied to be the 
centre of the sphere, and the centre of 
the latter being O', which does not coin* 
cide with the centre of the sphere. 

77 If we make a section of asphere 
by a plane, the section will be circular. If the centre of the sphere be in the 
cutting place, the section will be a great circle, as is shown in fig. 7; if not^ 
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it will be a small circle, as is shown in fig. Sg A B C D showing the cutting 

plane, and O the centre, in both figures. 

^8 We may therefore define a great circle to be the section resulting from 

cuttmg the sphere into two equal pute by a plane, and a small circle to be 

the result of cutting it into two unequal parts. 
r;.g , 79 Polec^aCttvhqftlU^iere.— 

Ijet U, fig. 9, be the centre of the sphere ; 
draw any line P Q through O to meet 
the soriace of the sphere at the points 
P and Q i and let OB be a line drawn 
from the centre 0, perpendicular to the 
line P Q, to meet the spherical surface 
at the point B, 

Now auppose P and ^ to be two 
points, or pivot«, about which the line 
P Q may torn, oarryine the line O B 
with it ; in fact, let P Q be an axis, and 
O B a perpendicular rod firmly attached 
to it. Then,if thxBaxisbe tumedronnd, 
it is clear that the extremity B of the 
rod O B will trace a circle C B A on 
the spherical surface, which circle, since 

il« centre ia evidently at O, is a great circle. 

8o If O' B' be another line, or rod, perpendicular to the asis P Q and 

firmly fixed to it, and if B' be the point where it meets the spherical suriace, 

then the point B' will trace out another circle, C B' A', when the axis is 
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turned round about its pivots F and Q; and this circle will be a small circle, 
because its centre, O', does not coincide with the centre of the sphere. 

8 1 P and Q are called the JPoles of these circles ; the word Pole being 
derived from the Greek, which signifies a hinge, pivot, or bearing, about which 
a body may smoothly turn. 

82 All circles described about the same poles are called Parallel Circles, 
or Parallels, because they are at all points equidistant from each other. 
Thus the two circles, C £ A and C B' A', being desciibed about the same 
poles, P and Q, in the manner above described, are parallel circles. An in- 
finite number of circles parallel to C B A, may be described by assuming the 
point O' in different positions along the axis r Q. 

Every point of a great circle is 90 degrees from its pole ; for if B (fig, 
10) be any point of the great circle 
C B A, and if we draw another great 
circle P B Q, connecting the points P B 
and Q, it is clear that PB Q is a semi- 
circle, and therefore measures 180°, 
and, since B is half way between P and 
Q, P B and Q B must each measure 90^. 

Every point of a small circle is less 
than 90^ from one pole, and more than 
90° from another pole. 

83 Comparative Magnitudes of 
Small and Great Circles. — Let P B Q 
(fig. 11) be a semicircle, PQ its dia- 
meter, O its centre, O B and O' B' lines 
perpendicular to P Q. Then if we con- 
ceive this semicircle to be turned about 
PQ as an axis, P and Q being the 
pivots or poles, the semi-circumference P B Q will evidently describe, or, as 
it is said, stoeep out a spherical surface, the point B will describe a great 

circle, and tlie point B' a small circle, O and O' 
being the respective centres of the two circles. 
Our object is to compare the magnitudes of these 
two circles. 

Now it is well known, that the greater the 
radius of a cirde is, the sreater is me drcam- 
ference in proportion ; if uie radius of one circle 
be twice that of another, the circumference of 
the former will be twice as long as that of the 
latter ; if three times, three times ; if four times, 
four times, and so on. Hence, whatever be the 
proportion of O' B' to O B, the same will be the 
proportion of the small circle (which is described 
with O' B' as radius) to the great circle (which is 
described with O B ajs radius.) 

The circular arc P B' shows the distance of 
every point of the small circle from its pole P ; if P B' contain l(f, or 20°, 
or 30°, the small circle is acoordingty said to be 10®, or 20°, or 30° from the 
pole. P^B' is commonly (sailed the Polar^ Distance of the small circle. 

the sine 
said to 

- , , ^ ^ - „, Tables 

are calculated, by which the sines of arcs of every magnitude, from 0° to 90°, 
may be found immediately ; so that by simple inspection of these tables we 
may find what fraction O' B' is of O B, if the number of degrees in P B' be 
given 

^ 85 Now, whatever fraction O' B' is of O B, the same fraction is the small 
circle described about O' as c ntre of the great circle described about O as 
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oentre. Hence we have the following mle for finding what fraction the fonner 
circle is of the latter. 

To find what fraction the circumference of a small circle of the sphere is 
of a great circle, look in a table of sines for the sine of the pohir distance of 
the small circle, and that will be the fraction required. 

If the lenglb of the great circle be given, that of the small circle is found 
by multiphdng the len^h of the great circle by the proper fruction— -i. e. by 
the sine or the polar distance of the small circle. 

86 The following short table shows the sines of circular arcs for eyerj 
Gve degrees, from 0° to 90° :— 




Circular 
Arc. 


Siae 


Ciroular 
Arc. 


25° 
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50° 


30° 
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55° 


35° 
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60° 


40° 
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65° 


45° 


T?lftfe 


70° 



81ii« 



.90<l 
940 



Cirenlar 
Arc. 



76° 

80° 
85° 
90° 



Sine. 



juul 

Tooo 



87 J£ we suppose the small circle, like the large circle, to be divided into 
360^, a degree of the small circle will be the same fraction of a degree of the 
large circle that the whole circumference ot the small circle is or the whole 
circumference of the great circle. Hence the lengtii of a degree of a small 
circle is to be found by multiplying the len^ of a degree of a great circle by 
the sine of the polar distance of the small circle. 

Thus, if we suppose a small circle described on the Earth's surface at 40° 
from the north pole (which is the polar distance of the southern extremity of 
England), the circumference of that circle will be (the sine of 40^ being -jfy^ 
lA^ of the whole length of the equator; and the length of a degree or 
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small circle will be got by multiplying 69i miles (the length of a degree of 
the equator in round numbers) by -fljy^y. 

Haying dwelt sufficiently on these points, we shall now go on to describe 
the appearance and arrangement of the stars on the celestial sphere. 

III. CloiHJication of the Stars toith reject to Brightness, 

88 The anparent brightness of the stars is very different ; some shine 
with considerable brilliancy, some are less bright, others almost invisible to 
the naked eye, and multitudes to be seen only by the aid of the telescope. 
As the apparent brightness of a star is, to a certain extent, a distinguishmg 
mark of it, it is important to have some classification of the stars with respect 
to the quantity of light they emit to the eye. 

89 Stars visible to the naked eye are divided into six classes ; those of 
the mrst class are the brightest, and are about twenty in number : they are 
called stars of the first magnitude. The second class mdudes about seventy 
stars which, thougn clear and bright, are not so remarkable as those in the 
first class ; tliey are called stars of the second magnitude. The third class 
consists of about 2^ stars, fainter, of course, than the former, but still very 
obvious to the eye -, these are said to be of the third magnitude. There are 
about 500 stars of tiie fourth magnitude, 690 of ^e fifth, and 1500 of the sixth. 
The stars of the fifth and sixth magnitude are not visible on a clear moon- 
light night to the naked eye, and therefore on such a night those of the fourth 
magnitude will be the faintest visible without telescopic aid. Altogether, there 
are, in round numbers, about three thousand stars that are visible to the 
naked eye. 
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90 Stars which can be seen only through a telescope are called telescopio 
stars. They are spread over the whole expanse of heayen, in some places 
close together, as in the Milky Way, in other places far apart. Where they 
are close together, they are seen by the naked eye like cloudy spots or 
streaks in tne heayens, which, when examined by a powerM teleseope, 
oompletelj change their appearance, and become assemblages df inntunerable 
brignt pomts of Eght sprinkled, as it were, oyer a dark ground. The Milky 
Way. which appears like a faint, narrow cloud of irregular shape encircling the 
whole celestial sphere, is well known. Besides this, there are a number of 
small cloudy spots of yarions shapes called Nebnln seen by means of a tele- 
scope of moderate power, many of which, on using a nigher power, are 
resolyed, as it is said^ into assemmages of stars. 8ome of them haye neyer 
been resolyed eyen by tibie magnificent instrument of Lord Hosse, seen through 
which they still present the same indistinct and hazy appearance as in a less 
powerM telescope. 

91 The classification of the stars yisible to the naked eye into six classes 
or ma^tudes is yery conyenient in a general way ; but for accurate pur- 
poses it is too rough, and subject to great uncertainty; so much so that many 
stars, which are considered in some maps as of one magnitude, are in other 
maps put down as of a different magnitode. Thus, for instance, in Littrow's 
maps (Atlas des gestimter Himmels) the seyen stars in the Great Bear are 
represented to m all of the second magnitude, except the star marked 5, 
which isput down as of the third. But in the maps puDhshed by the Society 
for the IKfi^ion of Useful Knowledge, the star a is considered to be of the 
first ma^tude, /3, y, and >; of the second, and d, c, C of the third. 

92 There is, howeyer, a good reason for uncertainty with respect to the 
magnitudes of seyend stars, in the fact that they appear to change their mag- 
nitude from time to time, being subject, from some cause or other, to a 
periodical variation of brightness. Tnus, for example, the remarkable star 
Alyol O Persei) suffers a considerable chang^e of brightness in a period of not 
quite three days, bein^ at one time during ^t period of the second magni- 
tude, and at another tmie only of the fourth. 

93 The most probable way of accounting for this change of brightness is 
by me supposition that it is caused by the reyolution of spots on Xhe star's 
disk, as in the case of the Sun, or by large planetary homes moving round 
the star as their Sun. The manner in i^cn the bnghtness of Al£;ol yaries 
makes this very likely, for it changes rapidlj from the second to the fourth 
magnitude, and then as rapidly back again to the second, after which it 
remains unchanged for the remainder of the period. The change from the 
second ma^tudc to the fourth and back a^am occupies only seyen hours ; 
while the tune during which the star retains its brightness uncnanged is about 
sixty-two hours. This is accounted for easily, if we suppose a spot or opaque 
body to revolve round the star in about sixty-nine hours, during seyen nours 
of which time it is between the eye and the star. 

For ftiU information respecting this interesting point, we may refer the 
reader to Captain Smyth's Celestial Cycle, in the second volume of which com- 
plete and accurate information is given respecting almost every star and ob- 
ject of interest in the heavens. This is a most valuable, ana we may say 
amusing book, and ought to be in the hands of every one who takes an 
interest in astrononw. 

94 A good memod of getting an idea of the magnitudes of the different 
stars is to watch them as they become visible in succession after sunset. As 
the daylight fades away, those of the first magnitude are seen first ; soon after, 
those of me second come out, then those of me third, and so on. The light 
of the Moon may also be used as a test of the comparative brightness of me 
stars. For more accurate methods, see Smyth's Celestial Cycle, vol. i. p. 272. 

It is scarcely necessary to observe that the word magnitude, as applied to 
the stars, is not used in its proper signification; it has, of course, no reference 
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and' 



to the real magnitudeB or dimensions of tke stars, but only to their apparent 
j^rightness. 

95 We sliaU now proceed to describe the principal constellations, and show 
how and where they are to be found in the heavens. As we go on, we shall 
en>lain the meanin£[ of various astronomical terms which have relation to the 
celestial sphere, and to the apparent motion of the Sun. 

In describing the constellations, we shall endeavour to do so in such order, 
and to classify them in such a manner, that any one may, in a short time, 
make himself quite familiar with their appearance and rotative positions in 
the heavens. 

rV. Qftke North Circwmpolar Begum of the Heavens, 

96 Method qf finding the Pole Star by means of the Great Bear,-^J£ we 
observe the motion of the stars for four or five hours, we shall perceive, as 
has been already stated, that they all revolve about a particular point of the 
heavens, which is called (in these latitudes) the North Pole. Near this point 
is a tolerably bright star, which is known by tlie name of the Pole Star. 
There is no other star of equal brightness in the immediate vicinity of the 
North Pole, and therefore the Pole Star, once pointed out, is easily recognised 
again, especially as it is always to be seen in we same direction on account of 
its nearness to the Pole ; for the circle it describes about the Pole is so small, 
that its motion is not sensible to die eye without the assistance of some 
instrument. 

7 To find the Pole Star, we must have recourse to the remarkable 
well-known group of stars commonly known by the name of the Great 
Bear, of which imaginary animal the v form the tail and hind quarter. They 
are often called Charles' Wain, ana sometunes the Plough, and this latter 
name gives the best idea of the form of this group of stars. - 

Their Latin name was Sep- 
tem Triones, or the Seven Oxen ; 
Trio signifying an Ox. The 
Greek name, apicros, {arctos,) sig- 
nifies a bear, and hence the 
northern region of the heavens 
is called the Arctic region. The 
Latin name of the whole con- 
stellation of the Great Bear is 
Ursa Major.' 

The group consists of seven 
rather bright stars, which are 
usually denoted by the Greek 
letters, a j3 y d e C 17, as is shown 
in fig. 12. The three stars, c ( 17, 
form the tail of the Great Bear, 
a fi y and b the hind qtiarter. 
The whole con8tellation,with the 
imaginary figure of the Bear, is 
shown in ^, 13, (on next page,) 
which includes all the stars as 
far as the fourth magnitude. 

pd The star a is called 
Duohe, (an Arabic name, signify- 
ing the Bear ;) it is the brightest 
star of the seven, and may be 
considered as of the first mag- 
nitude. 

The star h is the faintest of 
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the fpronp, and is of the third magnitude ; the other stars may be considered 
as of the second magnitnde. 

This consteUation is constantly alluded to by ancient writers. In Homer 
(Od, V. 272) we find the foDowing lines:— 

ovi4 ol vnvot hrl BXt^dpoci 9irtvrtv 
TlXtiidiat T* i^opwvTf Kal otffi ivovra Bowriiw 
'ApKTOV 0* nv Kai^Afia^av kwUXtivtv Ka\iov<rt¥ 
qt' a&TOu ar^^erat Kal t* '(Ipioiva doxevct 
oin 6* &iniop6t eoTi Xocrp&v *ClKtavoio, 

' Nor did sleep fall upon his eyelids as he watched the Pleiades, and the late- 
setting Bootes, and the Bear, wnich also is commonly called the Wain, which 
revolves in that part of the heavens, and watches Orion, and alone is never 
bathed in the ocean.' 

99 The stars a and p are commonly called the Painters, because they 
point nearly towards the Pole Star. If an imaginary line be drawn in the 
heavens through the Pointers, it will pass near the Pole Star, as is repre- 
sented in ^. 12, where o' denotes the Pole Star. 

In finding the Pole Star by means of the Pointers, it is important to re- 
member that this line is to be drawn in the direction represented by the arrow, 
i. e., from fi to a, not from a to p. From a! to a is about five times the distance 
between a and p, a! is on the offside of the line of direction of the Pointers, 
with reference to the seven stars, i. e., not on the same side as the tail. We 
may therefore give the following rule for finding the Pole Star : — 

ICO Draw an imaginary line in the heavens from to a, and produce it 
on tin the produced part is about five times the length of the distance from 
/3 to a ; then near the extremity of this line, on the contrary side to the Bear's 
tail, will be seen a star, with no other equally bright in its vicinity, which is 
the Pole Star. 

loi Of the Little Bear, or Ursa Minor. — ^The Pole Star, or Polaris, as 
it is often called, forms the ejrtremity of the tail of what is known by the 
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Dame of the Idttle Bear, This con- 
ptellation is by no means so obyions 
to the eye as the seven stars of the 
Great Bear, the stars composing it 
being fainter, with the exception of 
Polaris. The Little Bear is repre- 
sented in fig. 14, with the form of 
the animal traced ont. The relative 
positions of the Great Bear and 
Little Bear are shown in fig. 15. 

The stars of the Little Bear form 
a figure not unlike that of the seven 
stars of the Great Bear. It may 
be well to observe, that the tails of 
the two Bears are on contrary sides. 
The stars of the Little Bear are de- 
noted by Greek letters, as is repre- 
sented in fig. 15, and the same plan 
is adopted m all the other constel- 
lations. The Pole Star is a ot the 
Little Bear, and in most cases a de- 
notes the brightest star of a con- 
stellation. It is usual to specify any particular star by prefixing the Greek 
letter by which it is denotea to the Latin name of the consteUation to which 





it belongs in the genitive case. Thus, Polaris is spoken of as a TTrs® Minoris, 
of the Great Sear as Ursffl Majoris, and so on. Sometimes stars are 
marked by Eoman letters and by numbers ; for instance, we have 61 Cygni, 
m Ursae Majoris. 

102 The use which was made of Polaris in navigation is well known, and 
18 very ancient. Polaris is often called the Lode Star — ^i. e., the leading or 
guiding star. It was formerly called Ch(no8ura, or the Dog*s Tail, Ursa Mmor 
naving been figured as a dog in those times. 

The word cjmosure has passed into our language, denoting whatever is 
t centre of attraction to the eye : thus, in Milton s £ Allegro we have- 
Where perhaps some beauty lies, 
The Cyiiosnre of neighbourisg eyes. 



30 



MATHEMATICAL GEOGIUPHY. 



In the Latin translation of the poem of Aratns we have- 
Ex his altera apad Graios Cynosoni yocatnr 

Hac fidant duoe nootorna Fhomieefl in alto. 

Probably this line explains why Polaris was often called Phcsnice. 

T03 The two stars /3 and y of the Little Bear were called the Guards, 
from a Spanish word signijfjing • to watch,* because they were used by sailors 
to mark the hour of the night before watches and dironometers were in- 
vented. The star was nearer to the pole than Polaris two thousand years 
ago, and it was the North Star of the Arabian astronomers, whence it was 
caUed Kocah. 

104 The position of the pole may be nearly found by means of the Pole 
Star and the G-uards, in tlie following manner:— 

In ^. 15, draw a line through Polaris (a) perpendicular to the line joining 
the two Guards and y, and m that line, about 1^^ from Polaris, is the 
North Pole, represented by P in the figure. 

105 To get an idea of the distance of the Pole from Polaris, we may 
observe that the Pole is about twice as far from the star d as it is from a, 
and that the line drawn f^m d to P is inclined, as is represented in the figure, 
to the line drawn from a perpendicular to that passing through /3 and y. 

At present the Pole is getting nearer to the Pole Star ; in about 1^ years 
the Pole will be about i° from Polaris, afterwards it will recede from it. 

106 Method cf Setting the Instrument described in the former Chapter.-^ 
We shall here explain tiie manner in which the instrument, described in the 
former chapter, may be placed with the axis A P (fig. e) pointing towards 

/ the Pole nearly. 
•'' ^ First, the telescope (or the rod with 

sights) must be turned round its pivot 
p 0, until it points in the same direc- 
tion as the line A P, as is represented 
in fig. 16. This may be easily done 
by pointing the telescope, placed as 
in ng, 16, towards any distant object, 
S» and ilien turning the tube B 
round. If, on doing this, the object 
S does not appear to change its posi- 
tion in the telescope, then it is easy 
to see that the line D S must be pa- 
rallel to the axis A P, about which 
the tube has turned. If, however, the 
object S appears to change, the tele- 
scope must be slightly turned about 
its pivot C, until the apparent position 
of the object S, in the telescope, is 
not affected by the motion of the tube 
about its axis. 

" 107 When the telescope is thus 
adjusted, the graduated circle, which 
is attached to C, to measure the angle made by the lines A P and J) S, ought 
to show zero, since the two lines are then pazallel. This gives us a method 
of findiug whether the graduated circle is properly placed or not, and if not, 
of making the necessary adjustment. 

108 Now, supposing the telescope to be placed with its line of collima- 
tion, D S, parallel to the axis A P, let the whole upper portion of the instru- 
ment be turned about the joint A, and the vertical stem A G also if necessary, 
untQ the tele8C0j>e points to the Pole, the position of which must be guessed 
by the eye, by drawing from Polaris an imaginary line, perpendicular, aa 
nearly as can be judged, to the line joining uie two Guards, and taldng a 
point on that line twice as far from the Star d as from Polaris. This may 
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be easily done without loemg more than a half of a degree firom the true 
place of the Pole, and this will be snfficientlj accurate, considering the rude- 
ness of the instrument. The axis A F, having been once directed to the 
Pole, should be fixed in that position, which may be done by tightening the 
joint A, and by patting three marks on the circumference of the base of the 
instrument G, and three corresponding marks on the pedestal out of doors 
upon which the instrument is placed , so that the instrument may be put 
back in its proper place, should it have been removed.* 
' 109 With the instrument thus placed, the general facts stated in the 
former chapter, respecting the eircumpolar motion, and the proper motions of 
the Sun, Moon, ana Planets, may be easily observed accordmg to the method 
described in the case of the Sun. 

no C<i89iopea*s Chair, "^i an 
imaginary line Be drawn from any 
one of the three stars forming the 
tail of the Great Bear («, f, or »^, 
UrssD Majoris) through Polaris, it 
will lead to the constellation Ca^ 
Hopea, the filve principal stars of 
which form Cassiopea's Chair, which 
is something like a distorted M or, 
W. The Pole is about half-way 
between the tail of the Great Bear 
and Cassiopea's Chair. Pig. 17 
shows the five principal stars of 
this constellation. 

111 It is worth remembering, that the five stars of the Chair form two 
triangles, one nearly a right angled triangle, consisting of a, 0, and y, and 
the other a very obtuse angled triangle, consisting of y, d, and e. We make 
this observation, because, without it, it is not easy to distinguish /3 from c, and 
it is of some import^ce to remember which of the five stars is i9. 

112 /3 Cassiopese is a star of the second magnitude, and is the extreme, on 
tie side of the lignt angled triangle, of the five stars. If a great circle be drawn 
through Polaris and /3 Cassiopese, it coincides very nearly wiiJi the great 
circle called the Equinoctial Coture — ^i. e., the great circle passing through the 
poles and the two equinoctial points of the Equator. All great circles passing 
through the Poles were formerly called Colures, (icdXovpoi,) because, as the 
word signifies, they were partly cut off, or, as it were, maimed, by the horizon. 
The name is now restricted to two great circles passing through the Poles, one 
cutting the Equator at the equinoctial points, the other at points 90° from 

the equinoctial points. The former was 
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callea the Equinoctial Colure, the latter 
the Solstitial, because, as we have al- 
ready explained, the points where the 
Sun becomes stationary for a short 
time (as far as his motion towards or 
from the Pole is concerned) are in the 
latter great circle. 

113 In ^, IB, which is supposed 
to represent a sphere, these circles are 
shovm. A B C D represents the Equa- 
tor, P the North Pole, Q the South 
Pole, A the Vernal Equinoctial point, 
C the Autumnal, B and D the points 
of the Equator which are 90° from A 
and C : then the great circle P A Q C 
is the Equinoctial Colure, and the great 



• A projecting piece at A, with a clamp and screw, would make it easy to point A P to the 
Pole, and keep it fixed at the proper inclination. 
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circle F B Q D the Solibtiid Colore. The Equinoctial Colure ie nmked bj 
the Store S Unie MaionB, Polaris, and {3 Cassiopen ; the poeitioa of 3 Ursie 
Majm^B ia about at B, and that of |9 CasBiopes at S. 

The Btai a of this constellation is one of those remwlahle stow, the 



brightnesB of irhich is continually changing, a geneiallj appears faintei 
than 0, bnt soQietimeB it becomes I)right«r. i^hat the cause of this change 
of splendour may he we can only guess. It is likely, as we have already 



stated, that there are spots on the eiax't dine, and that they sometimes appear^ 
and BometimeB disappear, in conseqnence of the star's rotation about its aiia, 
BO causing a variation in the quanti^ of light emitted from the star; or the 
change of brightness mar be caused by large planetary bodies revolring about 
the star as their ebn, and sotnetimea mtercepting the hght of the star. 

114 2Xe Dragon. — The constellation Draco, the Dragon, commeneea 
between the Great Bear and the Little Bear, runs almost ha&waj round the 
latter, and then turns offm the oppoBife direction. It is represented in fig. 
19, with the form ubhsUj given to the Dragon traced out, Ursa Minor on one 



side of the tail, and the Septemtriones on the other. It is worth observing, 

that this constellation, commencing not far from a tTrBie Majoris, (the first of 
the Pointers,) lies on the tail tide of the Septemtriones, and on the same side 
as the body, not the tail, of the Little Bear. In the 1*( Georgic of Virgil, tiie 
position or Draco between the two Bears is described— 

Kudmai Ilk Bub tiiiaaM elaUtar Angnta 

drcnm perqae dnia in morem flnmlnis Arcto*. 
ArcUe Oc«uii meUenlci mqnora tlDgl. 

inding flexure, like a river, 

, IS that (ear to dip in the ocean.' 

The Btar a Draconis, which is not far from half way between the two 
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Guards in the little Bear and the tail of the Great Bear, was formerly the 
Pole Star, the Pole having been yery near it (not a quarter of a degree {com 
it) in the times of the Chaldean observers. 

ii6 The two principal stars of this constellation are those marked 
/3 and y in the head of the Dragon, and their position should be well remem- 
bered ; they are of the second magnitude. To find them, we have only to 
draw an imaginary line through a and d Urs® Minoris, near which they will 
be foimd, or, what is the same thing nearly, a line from Polaris^perpendicular 
to the line firom Polaris to y UrssD Majons, will find them. They are about 
at the same distance from the Pole as the second of the Pointers 03 Urse 
Majons). A line through the Guards O and y Urs» Minoris), goes nearly 
throng the head of Draco. 

y lOraconis is a most remarkable star in the history of astronomy ; it 
passes nearly vertically over Greenwich, and was on that account chosen by 
the sreat astronomer, Bradley, as the most suitable for his observations, which 
led mm to the twofold discovery of Ihe Aberration of Light and the Nutation 
of the Earth's ans. 

117 C^A^tt^.— Between the Dragon and Cassiopea will be foimd the stars 
of this constellation ; they are not easuy distinguished from the stars of Draco, 
but> by remembering^, tmit an imaginary line through y UrssD Majoris and /3 
UraiB Minoris, (ihe inner Guard,) separates Draco from Cepheus, there will 
never be any dimcully in making out the limits of Cepheus. Fig. 20 shows 
Cepheus. 




118 Camehpardus.'^TlnB constellation is by no means remarkable; 1.. 
occapies the space on the opposite side of the Dragon beyond Polaris, and 
between die head of the Great Bear and Cassiopea. 

119 Position qf the Colures with refirence to the Cirewnpola^ Stars,-^ 
We have described the constellations in the immediate vicinity of the Pole at 

D 
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some lea^hf because, wlien their positions with reference to the Pole and to each 
other are well understood and remembered, they form so many guides and 
points of departure, whereby the other constellations may be readily found. 

We have ahready stated that the Equinoctial Colure nearly coincides with 
the great circle passing through P Oassiopeffi, a Polaris, and between y and d 
UrsfB Majoris, nearer to d than to y. The Solstitial Colure runs through the 
Pole at right angles to the Equinoctial, close by y Draconis. It is always 
worth remembering that the Golures are marked b;^ Polaris, near which they 
intersect, by /3 Cassiopeie and d Ur8» Majoris, which show the direction of 
the Equinoctial Colure, and by y Draconis, (m the Dragon's Head,) which shows 
the direction of the Solstitial Uolure. In fig. 21 the oolures and the drcum- 
polar consteUatioBS are represented. 
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1 20 Pole of the HcUptie and the SwtCe itfb^ww.— The position of the Pole 
of the Ecliptic is shown at B, ^. 21. It is neariy in the imaginary line 
loming Polaris and y Draconis, half way between the Pole and the Dragon's 
Head, which is wortJi remembering. The Sicliptio is, as has been stated the 
great cirde along which the Sun appears to move from west to east at thei 
rate of nearly one degree daily, so completing the entire circle in 366 days in 
round numbers. The sun is therefore always 90° from a point of the heavens 
about half way between Polaris and the Dragon's Head. 

lai About the Aird week in March and September the Sun crosses the 
great circle, passing through Polaris andi3 Cassiope®, and at the correq)onding 
penod m June ana December he crosses the great circle, passing through 
Polaris and y Draconis. We shall find it convenient to divide each of t£e 
two Colures into semidroles, and consider that there are four Colures, which 
we shall call Vernal^ Summer, AtOumnal, and Wtnier Colures. The half great 
circle (Irawn from pole to pole through fi Cassiopea nearly is the Vernal 
Colure, because the Sun crosses it in spnng. The other half of the Equinoctial 
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Golure is the Autumnal Colore, because the Sun crosses it in aatuxnn. Hie 
half great circle drawn from pole to pole through y Draeonis neariy is the 
Winter Colure, because the Sun crosses it in winter ; and the other hafr of the 
SoMtial Colure is the Summer Colure, because tiie Sun crosses it in summer. 
The four Colures^ therefore, are marked as follows :«— 

Hie Yemal Coluxe— bv Casaiopea. 
The Summer Colure— 4)t Camelopardus. 
The Autumnal Colur&— W the Septemtrionea 
- The Winter Colure— by tiie Dragon's Head. 

The Sun*8 distance from the Pole is, when he crosses 

The Vernal Colure, 90^. 
The Summer Colure, about 66^^* 
The Autumnal Colure. 90^. 
The Winter Colure, about IISJ^. 

Having dwelt at some length on the circumnolar constellations for the 
reason above mentioned, we must now allude only briefly to the other con- 
stellations, at least the principal of them. 

V. Begion cfthe Seavens along the Vernal Colure, 

133 In fig. 22 (see next page) this region is shown extending from Cassiopea 
to th«E<paator«, and some way south of it. The first group of stars that catches 
the eye in this region is the square formed by the four stars, Alpherat, Algenib, 
Marxab, and Scheat, shown m the ^ure. The Vernal Colure, which, it will 
he remembered, is drawn from the ?ole through /3 Cassiopese nearly, passes 
thrOQ^ Alpherat and near Algenib, the two eastern stars of this square. 

133 Andromedaj^The constellation Andromeda comes next after Cas- 
siopea, as we go from the Pole to the Equator along the Vernal Colure, lying 
on the east side of the Colure : Alpherat is a Ancbomedad. 

134 Pegcutu. — ^This constellation is on the western side of the Colure, 
IKarkab, Sheat, and Algenib, are a, 0, and y Pe^asi. 

135 Pisces, the FMes, — ^This constellation is figured as two fishes tied 
together by a long string. One fish is marked by three small stars a little 
west of the Colure, just below Algenib and Markab. The other fish is higher 
iqi, near Andromeda, on the east of the Colure. This is one of the twelve 
constellations, called the Signs of the Zodiac. 

136 Aries, the i2am.— The head of Aries is marked by two stars of the 
tibird magnitude, easily recognised, situated some way east of the Colure. 
Aries is one of the signs of the Zodiac. 

137 Vernal Equinoctial Point^^The figure shows the equator and eclintic 
meeting the Colure at the vernal equinoctiff point, which is about as far below 
Algenib, as Algenib is below Alpherat. The Sun's proper motion takes place 
along the eeli|%e in the direction represented by the arrow, contrary to the 
^inittal rotation of the heavens, the direction of which is represented by the 
awow pointing along the equator. 

138 The equinoctial point is continually but very slowly moving along 
the ecliptic, in a direction contrary to that of the Sun's proper motion. This 
point was formerly in Aries, and was called the Pirst Point of Aries. It is 
flow in Pisces, and is moving towards Aquarius. It Aill, notwithstanding, 
tetains 13ie name of the First jPoint of Aries. 

139 Aquarius, the Waterman,^^Tbis is another of the signs of the Zodiac, 
next to Pisces, but lower down, on the western side of the Colure. 

130 Oetus, the Whale, — Opposite Aquarius, on the other side of the 
Colure, is a large constellation, called Cetus, the stars of which, near the tail, 
are shown in the figure. 

131 Piscis Australis, the Seuthem Fish,-^A bright star of the first mag- 
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nitade, called Fomalhatit, which 
zneaas the Fish's Month, being a 
oOimption of an Arabic worct 
marks the mouth of the Sonthem 
"mahi which lies inunediately be- 
litwAqiiarins. This star being so 
mnch to the sonth.of the eooator, 
i^never seen mnch above tne ho- 
xffion in these latitudes, and is 
therefore seldom visible, the stars 
n4ar the horizon being generally 
o|>scured by mists ana clouds ; 
b^des, the more to the south a 
star is, the shorter time is it above 
t|e horizon each day> 

Vl. Begum qf the Hea/oens along 
the Summer Coltire, 

^^132 Ateriga, the Charioteer. — 
Hie first remarkable group that 
citches the eve as we go from the 
fple along the Summer Colure, 
*' the beautiful constellation of 
shown in fiff. 23, which 
dose to th^ CkmsTe, on the 
sstem side. The brilliant star, 
ilia, or the Groat, is the Lu- 
of this constellation, near 
dch lie three little stars, called 

3'iBdi, or the kids. The two stars 
low Auriga, in the figure, are 
tHe tips of the horns ot Taurus, 
^e Bull, one of the signs of the 
2pdiac. The upper ofthese two 
stars, together with a and ^ of Auriga, form an isosceles triangle, or with 
* o other smaller stars, shown in the figure, make an irregular pentagon, 
ds pentagon is a remarkable object in the heavens, on accoimt of Capella 
d we Hsedi, which, once pointed out, are always recognised again imme- 
diately. 
! 133 Taurtis, the Bull, The Hyadee and Pleiades,— The horns of Taurus, 
a^ we liav^ stated, lie below Auriga, a little west of the Colure. Taurus cpn- 
t^ins the two mroups, the Pleiades and Hyades, so often alluded to in the 
cient poets (see fig. 24, on nextpage); the Hyades form the face of Taurus, 
d the Pleiades the shoulder. The star, Aldebaran, is one of the Hyades ; it 
of the first magnitude, but not brilliant. The Pleiades are very small and 
le together, but they glisten with a remarkable degree of brightness ; only 
__ of them can be seen by most persons, but a good eye detects a seventh, 

Sd sometimes one or two more, and hence the story 01 the lost Pleiad. The 
eiades derive their name from irkeiv, to sail, because they were supposed to 
^dicate the season favourable to navigation ; they were ca&ed Vergiliffi by the 
Ijatins. In Cicero's translation of Aratus we find :-— 

Parvas Yergilias tenni cum luce videbis 
HaM septem vulgo perhibentur more retusto 
SteUse cemnntur vero sex undique paiv». 

^ Tou will behold the little Yergiliss faintly shining. These are commonlv 
B«id to be seven in nimiber, after the ancient tradiSon, but only six small 
stiffs can be seen.' 
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Fig. 25 shows a telescopic view of the Pleiades. 




The Hyades were supposed to indicate rain, and hence their name, from 
v€ip, to rain ; they were, oy a mistaken translation, called Sucul®, or little 
pigs, by the Ijatins, (Cicero de Nat. Deorum, lib. ii. cap. 43.) 

134 Orion, — This splendid constellation lies below the horns of Tauni8« 
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dose on the western side of the Co- 
lure; it is represented in fig. 26; 
like ihd Hjades and Pleiades, it is 
eontmnally alluded to by the Ghreek 
and Boman writers. The stars a 
mdp, Beielgeux and Higel, are of 
the first maenitade ; y, or BellaMx, 
and the three stars which form 
Orion's Belt, are of tiie second mag- 
nitude. The stars ti, i, and k form 
tiie sword; dose to t are a great 
number of small stars, and a most 
remarkable nebula, which had never 
been resolved into stars nntQ Lord 
Bosse's telescope was brought to 
bear upon it. 

135 Gemini, the 7Mn9, — We 
ahall now briefly mention the oon- 
Btellations on the eastern aide of the 
Smnmer Colure. The constellation 
Oemim, shown in fig. 27, is opposite 
the horns of Taurus, dose to the 
Colmfe on the eastern side. The 
bright stars, a and /3, Cagtor and 
PoUux, were anciently much noticed, 
eapedaQy bj mariners. G^emini is 
one of the signs of the Zodiac. 

136 (kmsMinor,tkeLitneDog. 
—Under Gemini, but more to tiie 
east) is Oanis Minor, which contains 
only two stars that are readily no- 
tteed by the eye. One of tibiese, a, 
or Procyon, is a briUiant star of the 
first magnitude. See fig. 27. 

137 Canis Major, t&QTeaiD(y. 
—Some way farther downward, 
dose to the Colure, and on Hie 
eastern side, is the celebrated con- 
stellation, Canis Major, containing 
tiie bri/jrhtest star in tiie heayens 



1 


FiR. 26 

• 








HMTOiof Taurw 




^ISolrtiee 


Ecliptte 


Sun's 


Motion 




• 






1 


• 






1 Betolffiui 








j • 




• BriUtrU 1 


! a 




r 




i 

1 
! 


Orion 




--^^ 


|"*'^^i«lor 


• 






1 
1 
1 
1 


• 


• 




1 

1 

1 


• • 
• • 






1 

1 
1 
1 
1 

1 
1 


• 
1 • 






! 








1 

1 

1 






• 


1 

_L ._ . _ 










40 



MATHfiMAWOAIi GBOGiUPHY. 





Siriiu, or the Dog Star. See fig. 28. 
The star Aldebaran of the Hyades, 
the Belt of Orion, and Sinus, are 
nearly in the same straight lij|e. 
There is no possibility of missitig 
Ganis Major, if we look a little belj>w 
Orion, and somewhat to the efst 
of it. 

138 In ancient times, the d^g 
days, which commenced when Si 
rose at the dawn of day, were con- 
sidered to be most £Eital m produciJQg 
feyers and madness ; but tnese d4y8 
are chiefly to be noticed on accoiptit 
of their chronological importance 
with reference to the Annus Mag^\u, 
or Greai YecM^, of the EgyptiajiB. 
We have the following passage mm 
Censorinas, {Cory* 9 Afieiewt Fri^' 
ments)',— 

' Ad ^gyptiorom vero magtii 
annum luna non pertinet, an#m 
Graeci KwtKhv, Latine Canicularia vocamas. Fropterea quod initium 
smnmitur, cum primo die ejus mensis, quem Yoca^ ^gyptii 60^, Canii 
sidus exoritur,' ac. &c. / 

The substance of what he says is this: — That the (Sreat Yea/r of die 
Egyptians was not determined by the Moon, but by the fact of their bi^il 
year containing always 365 days, without any leap year, which caused a slpw 
change of the seascma, in consequence of the year being nearly six ho^rs 
shorter than it ought to have been. This change was completed in 1461 
years, at the end of which period the seasons all came back to. their proper 
places in the year. This period of 1461year8 was called the Great Year; 
also, hj the Greeks, the Cynic, or Dog Tear ; and by the Latins, the Cahi" 
euUir Year, because it began when the Dog Star rose at dawn, on the first 
day of the Egyptian month Tkoth. But the year which Aristotle calls the 
Greatest, rather than tke Great, is that in whicn the Sun, Moon, and planeta 
all return and come together in the same sign of the Zodiac from which 
they originally started. The winter of this year is the Cataclysm, or Delage, 
the summer is the Mcpj^rons, or Conflagration of the World. 

Theon of Alexandria gives an example of a formula for finding the risi^ 
of the Dog Star, entitled, IIEPI r^v rov mjvbi evrtroX^s \m6^iyfta. 

The connexion between astronomy and chronology that is thus established 
by the numerous references of ancient writers to astronomical phenomena, 
is most interesting and important, inasmuch as astronomy can as accu- 
rately tell the past, as predict the future motions of the heayen]ybodies» 
and merefore it oecomes an instrument for penetrating l^ough theohmlfo 
of antiqui^. 

139 Summer Solstice'^ Ecliptic — Equator,'-^The ecliptic runs midway 
between the Hyades and Pleiades, also between the horns of Taurus. The 
solstitial point is close to the stars ti and ft Geminorum. The equator runs 
through the top star of Orion's belt very nearly, a little beyond which, towards 
Frocyon, is the point of the equator wmch is 90^ firom each equinox. 

Vll. fiegion of the Heavens along the Autumnal Colure, 

140 Canes Venatici, the Hotmds, — The Autumnal Colure is drawn from 
the Pole towards the tail of Ursa Major ; it runs between y and d IJrssB Ma- 
joris, close by d. On the eastern side of this Colure, and immediately below 
the tail, are the two Hounds of Bootes, fig. 29, in the neck of one of which is 
the star often called Cor Caroli, the Heart of Charles (II). These hounds do 
not belong to the ancient constellations. 
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141 Bootes, the Serdsman, is ma4e up of the bright stars to the east and 
south east of Cor Caroli, among which Arcttirus shines conspicuously. (See 
fig. 29.) Arcturos is found by drawing an imaginary line through fi 
Ursae Majoris, which runs a little above Cor CaroU, and, farther on, a little 
below Arctnrus. 

143 Coma Berenices, the Sdir of Berendce^-^A group of small, bright stars 
^lose on ike eastern side of the Colure, and due west of Arcturus. See fig. 81. 



^ • 



I 



Fig. 80 






Leo 



6 



Bflguluk 



..--' 



.-' 



Virgo 






42 



MATHEMATICAL GEOGRAPHY. 



143 Leot ike Lion, — One of 
the signs of the Zodiac on the 
west of the Cohire, and opposite 
Arcturos. (See fig. 30.) aLeonis, 
(whidi is also called Cor Leonis, 
the Lion's Heart, and Begnlus,) 
is a star of the first aiagnitade. 
^ Leonis is called JDeneb, or the 
Tail; it is within 6° of the Colore. 

144 Vtrffo, the Virgin, — ^An- 
other of the signs of the Zodiao, 
immediately under Coma Bere- 
nices, and all, except a few stars, 
lying on the east of the Colnre-— 
see fig. 31. The star a of this con- 
stellation is called Spica, or the 
ear of com, and is of the first 
magnitude. 

Arcturos, Begulus, and Spica 
being joined by imaginary lines, 
form a right-angled triangle, hay- 
ing the right angle at Spica : which 
fact being remembered, will pre- 
vent any mistake about the posi- 
tion of these stars. 

145 Autumnal JSqumox — Ecliptics-Equator, — ^The autumnal e<)uinoctial 
point is dose to 1; Virginis, fig. 31. The ecliptic runs through Begulus, and 
nearly through, but a little aboye, Spica. The equator is shown in the figure, 
passing through rf Yirginis nearly. 



. i 




Fig. 81 

Bwenioet • p 

• • 




J 


• 


1 

• 1 

1 


Tail 
of Lm 




•/3 


f • 




1 • 

1 




1 
1 
1 


• 


a. 1 




Virgo j •^^..- 

^J£qu|M»r .•...Jclll' 

* • ~ ^^•''' J AutamniT 

^"'^ 1 Equinox 






•a ! 





YIII. Region qf the Heavens along the Winter Colwre. 

146 Lyra, the Lgre ; wnd Cygnus, the Swan, — The winter Colure is drawn 
from the Pole nearly through y in the Dragon's Head ; farther on, we come 
upon Lyra, in which is the bright star Vega, of the first magnitude. Lyra 
is near the Colure on the eastern side ; Cygnus is east and somewhat north- 
east of Lyra, not far from Cepheus. The five brightest stars of Cygnus 
form a cross, of which a, or Denehy the tail, is of the first magnitude. Lyra 
and Cygnus are shown in fig. 32. 

147 Hercules, and Corona BoreaUs, the Northern Croum, — Hercules 
includes the stars opposite and a little south of Lyra on the other*— i. e., the 
western side — of the Colure. West of these is Corona Borealis, which is 
nearly a circlet of stars, one, a, being of the second magnitude, (see fig. 33,) 
a Herculis is a variable star. 

148 Aquila, the Eagle; and Delphinus, the Dolphin,'^8omewhai south 
of Cygnus and Lyra, on the eastepi side of the Colure, we find Aquila and 
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DelphinuB, fig. 84. The stars of 
Delphintis are very bright, though 
small, and form a diamond-shaped 
figure, a Aquilse, is a star of the 
first magnitude ; it is called AUair. 
The ^ three stars, P a and y Aquil®, 
(which are in a line,) with the dia*- 
mcmd-shaped and ghstening Del* 
plunus, are remarlcAble objects in 
Hie hearens, and not likely to be 
forgotten when once seen. 
149 Ophitichus, the Snake Holder; and Serpens fthe Snake, — These two 

constellations lie on the east of the Colure below Hercules, and include a 

i^umber of bright stars. See fig. 35. 
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150 labra, the Balmee; Scorpio, Sagittarius^ and Cc^ifricomus, -—These 
are four of^the signs of the Zodiac. Scorpio and Sagittarius are shown in 
fig. 36. a Scorpionis M a star (rf the first magnitude, called Antares. 

bagittenus is dose on the east of the Colure, and Scorpio somewhat 
farUier off on the west. Seorpio is a remarkable constellation, and easily 
jseoogmsed. 

i|i Winter 8ols0i0e^:Edkftic'-~Mquator.^The ecKptic runs between 
and a Scorpionis, and a few degrees below /x Sagittarii, immediately under 
which star is the winter solstitial point. The equator lies about 8^ below 
Altair. 

152 We have now sufficiently pointed out the position and appearances 

•n J^™*^^®^* number of the principal constellations, in such an order that it 

wul be easy to find them out and remember them. We have dwelt at some 

length on this part of the subject, because mere maps or figures of the con- 
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ate]]atioii8, without any remarks respecting them, do not psodace much effect 
on the memory. For complete and accurate information, we may refer the 
reader to the SIX maps of the stars published by the Society for the Difiusioa 
of Useful Knowledge, and to Smyth's Celestial Oyele, yoL iL We shaB 
conclude this chapter with a few words on the stars and constellations whick 
come on the meridian at certain hours at different times of the year. 

IK. Cofuiellatione vieible on the Meridian ai different Hcwre qftie Niffkt, 

and at different Seasom qftlie Tear* 

ig3 It is easy to make out what stars are on the meridian at midnight at 
any particular time of the year, by considering the position of tiie Sun m the 
heayens : thus, at the Yenial Equinox, the sun is on the Vernal Oolure, and 
therefore at midnight, when the Sun is on the meridian below the horieon, 
the Vernal Colure must be so also, and therefore the Autumnal Oolure must be 
on the meridian above the horizon. Hence all the stars lying along[ the 
Autumnal Colure wiU be on the meridian at midnight at the V enud Equmox. 

It is also easy to make out what stars are on the meridian at any other 
hour, by making the proper allowance for the diurnal rotation of llie heavens. 

154 The roUowin^ table exhibits the constellations visible on or near 
the meridian at nine o^loek, (three hovuB before midnight,) at different times 
of the year. 
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Third weA In March. 



HMdorUnaMi^. Cmmw. HmA of Le». B^gofais. 

CorBfdrm. 



ApriL 



Ifqr. 



Juno. 



The Foiiiten. Peneb. TtH of Leo. Ckwia Berenioes. 

HeadoCTii|0. 



'Ml of Uzsa MiOor- Cor CarolL Bocytes. Aictanu. 
Coma Berenices. Virgo. Spica. 



Body of Uraa Minor. Bootes. Oorai* BoteaUs. Head 

of Serpens. Lttmu 



July. 



IWlofUrsa Minor. HeadofDraeo. Beredles. OpUneims 
and Serpens. Soorplo. 



M 



Septenhsr. 



October. 



^Draoonit. Qygnm Lyra. Yepu AqpOtL Altair. 

Sagittarivs. 



Oepheos. TaflofCrcnw- DelpUnns. HeadofFegasus. 
Aqporins. Caprfoomiis. 



Q CuOopm and Head of Oepheos. flehcat. Maikab. 
Fegasas. Fisoes, (western fish.) Tatt of Cetus. 
Aquarius. Fomalliaut. 



w KoYember. 



December. 



Februaiyt 



^ and y Oasstopeft. Andromeda. Aries. Fisoes, (eastern 
fish.) Alpherat Algealb. TailofOetns. 



Fersens. Algol. Fleiades. Aries. Head of Cetus. 

Eridanns. 



Oapella. Amiga. Hyades. <3emini. Canis WnOKf. 
' Orion. Oanis Major. 



.QemlnL Castor and FoUnz. CSanis Minor. Ftoojon. 

Canis Major. Sirins. 

'- ■- '-' ■ 1 -1 ....»■- I. . , .1, . I mMhm 



155 ^e Have choBe&nine o*6lock in the above table as a couvenie] 
for observing the stars, inst^ of midni^lit, which would be rather I 
most pecmle. The table may, however, be easily adapted to any ho 
means of the fdlowing, in which A B C &c. denote the consteilatii 
the above table. 

Table showing the GonsteUaiiont on or near the Meridian ai Siffe 

Homre in different Months* 







EVBNn^a. 


• 


MORNING. '^M 


o'clock. 


7 

o*cloclc. 


9 
o'clock. 


11 
o'dock. 


1 
o'clock. 


8 

o*clook. 


o*cIod[. 


oie^l 


March . . 


K 


L 


A 


B 


G 


D 


E 


* ^^l^^l 


April . . 


L 


^A ■ 


B 


C 


D 


E 


F 


9 


May. . . 


A 


B 


C 


D 


E 


F 


G 


.'1^1 


June . . 


B 


C 


D 


E 


F 


G 


H 




July. . . 


C 


D 


E 


F 


G 


H 


I 




August . . 


D 


E 


F 


G 


H 


I i J 

1 





r 



X COKSTELLATIONS. 
Tablb— con<M»ia£. 
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KVETTUIO. 


uoRRma. 1 


o'lOcBk, 


«iL. 


o-ciMt 


oHjtock. 


tfohMk. 


a^hNk. 


o^kck. 


oUock. 




E 


F 


G 


H 


I 


J 


E 


L 


Octoter . 


F 


G 


B 


I 


J 


E 


L 


A 




a 


H 


I 


J 


E 


L 


A 


B 


Deomber. 


H 


1 


J 


E 


L 


A 


B 





JannMT .. 


I 


J 


E 


L 


A 


B 


C 


D 


Fibmiirj . 


J 


K 


l 


i. 


B 


C 1 D 


E 



Tor example : What consteDfttions will be on or aear the meridian at 
■even o'clock in Pebmary F Lootdiu; in the colmim onder seven o'clock, ve 
find E bppodte Febniarj; and Iherefore^ferring to the former table, to see 
what conrtellatioDS are represented byX, we find that Capella, Antiga, the 
Hjades, Gemini, Canis Mmor, Orion, Oania Mqor, will be on or near the 
meridian at the time Bpeoifled. 

X. Signt qfthe Zodiac 

1^6 Aji the motions of the Sun, Uoon, and I^anetB take pittoe among 
these constellationB, it is neceesuy to saj something respecting Utaa. The 
Zodiac ia the celestial region Ijine tloag the E<^ptie; ita name is denred 
bom CfSior, todion. a little animal, because its different parts are marked bj 
SgareB of animals. Fig. 37 shows the fmimala as represented on the ceiling m 



4S 



IfATHSMATICAL GB00RAPH7. 



an apartment in ibe Temple of Dendmh in Effypt» which we may condnde^ 
from inspectinff the ceihng, was adorned with these onrions figures about 
700 B.o. See ^en/mf Cfcl^adia, Art Zodiac, where an account of the ceil- 
ing is giren^ togetiber with mfozmation respecting the ancient constellations. 

157 The order of the Zodiacal 
signs, and ihe symbols by which 
they are represented^ are as fol- 
lows:— 




Aries, the Bam . 
Taurus, the Bull 
Glemini, the Twins 
Cancer, the Crab 
Leo, the Lion . 
Virgo, the Virgin 
Lilm, the Balance 
Scorpio, the Scorpion . 
Sagittarius, the Archer 
Capricomus, the Gk>at 
Aquarius, the Waterman 
Pisces, the Fishes . . 



n 

m 
t 



We have already spoken of the 
stars composing all these constel- 
lations, except Cancer, Libra, and 
Capricomus, which are shown in 
figs. 38, 39, and 40. 



Fig. 89 
Aquarloi 
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158 In all tibe above figures of the constellations we hare represented 
the principal stars only, genera% all as far as the iburth magnitude, but 
sometihies a« fiur as the fifui, where sueh stars were necessaxy to be put dow]i« 
inorder tomalce it easy tofiuodouttlM constellation in &e neavens** 



• ThftdMfawnt msgnttmlftii of fb» ftaw Me act ttpwentad ssacwttitdy at to th» draytsui 
■ent to the«iigniver, tat there are no emn cf atiy amMgaeBOft In a kmctHniigumUm 
Mnutellatioiis are a little distorted in abape. 
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CHAPTER III 



ASTRONOMICAL TEEMS EXPLAINED.— MEASUBEMENT 

OF TIME. 

BEFORE we proceed to the practical application of Astronomy, it will be 
necessary to explain the meaning of certain terms constantly made use 
of in the science, whereby the positions and the motions of heavenly bodies 
are defined, and to describe the different measures and periods of time, winch 
is 80 important an element in astronomical obserrations and caloolations. 

I. Terms relating to Vertical and Horizon 

i6o V0riieaL — ^When a body is allowed to fall towards the Earth's 
nvface, it describes a straight line tending towards the centre of the Earth 
nesriy. IVe say nearly, because, on aceoost of tho Earthuot bfing exactiby 
spherical, bodies do not fall exactly towards the centre. The motion of 
iaHBi||[ bodies is produioed by the attnotion of tiie Eatth^ or the attraction of 
Ofwn^r as it is called. If the body» instead of being allowed to fall, is sus- 
peadsd by a string ,the string shows the direction in which the bo<^ would 
fall, if allcrwed to £ so, beoause it shows the direction in*which4lie roroe of 
gravity puUs lie body. 

The straight line which a faHing' body describes is called the Vertical or 
Vetikal Direction. This direction is determined by suspending^ a heavy 
hodj, stieh as a piece of lead, by a string, and then the strmg will show the 
vertical. A string thus used is called a plumb line {from plumbum, lead). 

i6i The vertical is, then, the direction m which the force of gravity 
acts, and therefore Astronomers always determine or observe the vertical 
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direction by means of the force of gravity. We nmst remark, howiaver, ihat 
in the neighbourhood of large mountain masses, especially where there is a 
flat country on one side, ana mountains on the other, the direction of the 
force of gravity is sensibly, though very slightly, affected by the attraction of 
the mountains. In. this case the plumb line is said to be drawn out of the 
proper vertical, which is considered to be the direction in which the force of 
gravi^ would act, if the ground were on all sides perfectly level. We must, 
therefore, in defining the vertical to be the direction in which a plumb line 
hangs, add, that the Earth's surface is supposed to be perfectly level, or, in 
other words, to be the same as the surface of the ocean would be if it 
covered the whole Earth. 

J 62 We must also observe, that when a body is allowed to fall from a 
very considerable height, it falls a little eastward of the true vertical (as 
shown by a plumb line), in consequence of the Earth's rotation about its 
axis. Tne deviation from the vertical is, however, extremely small. 

163 Horizontal, The plane to which the vertical line is perpendicular 
is called the Horizontal Plane, The surface of stOl water, or any other fluid, 
such as mercurv, shows the horizontal plane, provided it be of limited 
extent : for fluid surfaces of considerable extent are sensibly curved, as we 
see in the case of the ocean. Astronomers employ this projpertv of fluids to 
determine the horizontal plane, as we shall presently ex{>lam when we come 
to speak of the Spirit Level, and the method of observing heavenly bodies 
reflected in a trough of mercury. 

164 Every plane containing the vertical line, or, what is the same thing, 
every plane i>erpendicular to the horizontal plane, is called a Vertical Plane, 
Qlie mtersection of two vertical planes is therefore a vertical line. 

165 S^ith and Horizon, — ^We have, in the previous chapter, explained 
what the celestial sphere is, and what great circles and small curcles are. The 
points of the celestial sphere, where the vertical line produced meets it, are 
called the Zenith and Nadw (terms of Arabic origin), the zenith being the 
point of the celestial sphere exactly over the observer's head, and nadir the 
opposite point beneath his feet. 

166 The horizontal plane cuts the celestial sphere in a great circle, 
which is called the Horxxon, The word was originally applied to the circle 
which sensibly bounds the view of a spectator at sea, or on a height, and 
hence the word is derived from the Greek 6pc^<u, to bound or limit. 

The Horizon is therefore a great circle of the celestial sphere, the poles 
of which are the zenith and nadir. Every point of the Horizon is 90^ from 
the zenith. 

1 67 3f<?ru£»a9».--That vertical planein which the Earth's axis of rotation lies 
is called the Meridian Ptanoy or ^lane of the Meridian: and the steeX circle 
in which this plane cuts the celestial sphere is called the Meridian, The 
Meridian is therefore the great circle which passes through the North and 

South Poks and the Zenith. The name 
is derived from the Latin word signifyii^ 
half-day, or mid-day, because it is mid- 
day when the Sun crosses the Meridian. 
168 Altitude and Azimuth, --^IjGt 
ABC, fig. 41, represent half the Hori- 
zon, P and Q tne North and South 
Poles, Z and N the Zenith and Nadir, 
and A P Z C Q N the Meridian: let S 
denote the position of any star on the 
celestial sphere, and let a great circle be 
drawn thirau^Z and S meeting the ho- 
rizon at 8', Then the circular arc S S' 
expressed in degrees, minutes, and se- 
conds, is called the Altitude of the star S, 
and the circular arc A S', expressed si- 
milarly, is called the Azimuth of the star. 
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The arc Z S; in degrees, minutes, and seconds, is called the 2jenith Distance 
of the star ; Z S is the complement of S S' — i. e., Z 8 added to S S' completes 
or makes up 90°. 

Since the circular arc S S' shows how high the star is on the celestial 
sphere above the horizon, it is properly called the Altitude of the Star. The 
word Azimnth is a corruption of an Arabic word signifying * the way* or * dis- 
tance,' meaning thereby the number of degrees, minutes, and seconds we 
must go along the horizon ABC, from the point A, in order to get to S', 
which point marks the vertical plane in which the star is. 

169 The position of a star on the celestial sphere is completely defined 
by stating its altitude and azimuth ; for example, if the altitude or the star 
he 30° and its azimuth 50°, we find the place of the star by measuring along 
the horizon from A, a circular arc A S' equal to 50°, then from S' drawing a 
^eat circle to Z, and measuring S' S equal to 30°, which will give the place of 
uie star S. 

170 It is important to remember that the great circle Z S S' N shows on 
the celestial sphere the vertical plane in which the star is ; for this circle, since 
it passes through the zenith and nadir, Z and N, lies in a vertical plane, and 
therefore shows on the celestial sphere the vertical plane in which the star is. 
We shall speak of this plane as the plane Z S S' N. 

171 The arc A S' snows the angle which this vertical plane makes with 
the meridian plane Z A N ; for, if we conceive the semicircle Z S' S N to turn 
about the points Z and N, the point S' starting from A and moving towards 
B, it is clear that the number of degrees, minutes, and seconds through which 
the point S' moves along the horizon, show the number of degrees, minutes, 
and seconds through wmch the vertical circle or plane Z S S' I^ turns about 
the points Z and IS , or, what is the same thing, the angle of inclination of the 
plane Z S S' N to the plane of the meridian. » 

The angle at Z, which the two circles Z F A and Z S S' make with 
each other, also shows the inclination of the plane Z S S' N to the plane of 
the meridian ; for, conceiving the plane Z S S' N to turn as before, it is clear 
that the number of de^ees, minutes, and seconds, in the angle at Z, which 
the arc Z S S' makes with Z P A, shows the number of degrees, minutes, and 
seconds through the plane Z S S' N turns about Z— i. e., its inclination to the 
plane of the meridian. 

Hence the azimuth of a star shows the inclination of the vertical plane 
m which the star is to the meridian plane, or, what is the same thing, the 
angle which the zenith circle of the star makes with the meridian. 

By the zenith circle of a star, we mean the great circle passing through the 
zenith and the star. 

172 . Prime Vertical, — The vertical plane, which is perpendicular to the 
plane of the meridian, is called the 
rrime Vertical Plane, and the great ^^2 
circle in which this plane cuts the 
celestial sphere is called the Prime 
Vertical ; in other words, the Prime 
Vertical is the zenith circle, Z B N, 
which cuts the horizon half way be- 
tween A and C, B being supposed to 
be9(f from A. 

173 Points of the Compass,^— 
A, fig. 41, is called the Nortn Point 
of the horizon^ C the South Point, ^^<^ 
B Ihe East Point, and the point op- 
posite B (on the other half of the 
norizcm) the West Point. These are 
generally known as the Points qftJie ^ 
Compass, which are represented in 
fig. 42, the circle being the horizon, 
and N E S and W being the north, 
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east, south, and west points respectively. There are altogether thirty-two 
points of the compass, at equal distances from each otker, mviding each qua- 
drant of the horizon into eight equal parts, each joart being therefore one-ei^th 
of 90° — i. e., 11° 15'. Each of these divisions is supposed to be Airther sub- 
divided into what are called Quarter Points, each containing 2° 48' 45*^, which 
make the fourth part of 11° 15'. It may be well to rememoer the following 
table for one quadrant, which will apply to the other quadrants by a simple 
change of points and corresponding letters . — 



Azimuth. 


Corresponding Point of Compass. 




0** 
22° 30' 
45° 

67° 30' 
90° 


N. North Point. 
N. by E. North by East. 
N.N.E. North North East. 
N.E.byN. North East by North. 
N.E. North East. 
N.E. by E. North East by East. 
E.N.E. East North East. 
E. by N. East by North. 
E. East Point. 


One point (i. e., 11° 150 East of North. 
Half way between North and North East. 
One point North of North East. 
Half way between North and East. 
One point East of North East. 
Half way between East and North East. 
One point North of East. 
90° from North. 



174 It should be borne in mind, that when a star is rising or setting, it 
is 90 from the zenith ; and that the circumpolar motion of the heavens causes 
all the heavenly bodies which are at a sufficient distance from the Pole to 
cross the horizon twice in twenty-four hours, ascending or rising on the 
eastern side, and descending or setting on the western side. 

U. Terms reletting to Pole and Equator* 

1 75 In the same manner that we define the place of a star with reference 
to the zenith and horizon, we may do also with reference to the Pole and 
Equator, by means of what are called Right Ascension and Declination^ as we 
shall now explain. 

176 Let P and Q (fig. 43) represent the north and south Poles, E A S' G 

half the Equator, PE Q G the meridian, S 
any star, A the Vernal Equinoctial point of 




the Eauator, P A Q a great circle passing 
through P A and Q, P S S'Q a great circle 



passiuff through P S and Q, and cutting 
the Equator at S'. Every point of the 
Equator is 90° from each Pole. A is the 
pomt where the Sun crosses the Equator 
m spring, at which time he is moving north- 
ward. A is usually called the first point 
of Aries, because m former times, when 
these names were brought into use, the 
Vernal Equinoctial point was at the begin- 
ning of the constellation Aries, the Earn. 

At present the Vernal Equinoctial point, 
in consequence of its slow motion, called the 
X n x_- -n- ., t^. , ^ Precession of the Equinoxes, is in the con- 

stellation Pisces, the Fishes. The name—* First point of Aries'— is, however 
still used to denote the Vernal Equinoctial point. ' 

177 It is from this point that all distances along the Equator are measured, 
just as we have measured distances along the horizon from the north point 
it should be remembered that this point moves round the Pole in twenty-four 
hours with the rest of the heavens, crossing the meridian when it comes to E, 
and again when it comes round on the other side to G, the motion being 
m the direction represented by the arrow in the figure. The imaginaiy 
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circles P A Q and P S S' Q are of course supposed to be carried round by the 
ebcoinpolar motion, always keeping at the same distance from each other. 

178 The great circles P A Q and P S S' Q, may be called Polar Circles, 
since they pass throud^ the Poles ; and the planes in which these circles lie 
may be called Polar Planes. The polar circle P A Q is the Vernal Colure, 
which, as we have already stated, is the great circle passing through the Poles 
and the Yemal Equinoctial point, or First Point of Aries, as it is called. 

179 £iffht Ascension and Declinaiion. — ^The circular arc A S' is called the 
Right Ascension oi^e^tax S, and the circular arc S' S is called its Declination, 
The arc P S is the complement of the declination, and is called sometimes the 
oo-declination, but more frequently the North Polar Distaftce of the star. 

Sight Ascension and Declination completely determine the positions of 
heavenly bodies on the celestial sphere ; thus, for example, if the right 
ascension of a star be 20^ and the declination 40°, we find its position oy 
measuring from A an arc A S' of 20° along the Equator, then drawing a great 
circle fi*om S' to P and measuring upon it an arc S' S of 40°, which will give 
S, the place of the star. 

180 It is important to remark that right ascension is always measured 
from A, not in the direction of the arrow (fig. 43), but in the contrary direc- 
tion. The reason of this is, that the Earth and planets move round the Sun 
and round their axes in the same way that we measure right ascension — i. e., 
contrary to the way in which the arrow points, which, as we have stated, 
indicates the direction of the apparent motion of the heavens caused by the 
real motion of the Earth round its axis in the opposite direction. 

181 Declination is always expressed in de^ees, minutes, and seconds ; 
it is, so to speak, the altitude of the star above me Equator, or, we may say, 
the number of degrees, minutes, and seconds by which the star declines from 
the Equator, .using the word * decline' in its original signification of ' turning 
aside.' 

182 If the star is below the Equator, as at T (fig. 43), S T is the decK- 
nation of the star, and it is called south declination, because measured towards 
the South Pole, the declination of S being called north declination, because it 
is measured towards the North Pole. 

183 The right ascension of a star is the distance, from the first point 
of Aries, of the point where the polar circle, in which the star is, cuts the 
Equator. The nght ascension of a star shows also the angle which the polar 
plane, in which the star is, makes with the plane of the vernal Colure. The 
angle at P, which the two circular arcs A P and S P make vrith each other, 
contains the same number of degrees, minutes, and seconds that the arc A S' 
does (which may be easily seen as in the case Azimuth, previously explained) : 
hence the angle, which the polar circle passing through the star makes, at 
the pole, with the Vernal Comre, shows the right ascension of the star. The 
polar circle passing through a star is often called its declination circle. 

184 The right ascension of a heavenly body is often, or rather, generally, 
expressed in time, at the rate of one hour for 15° — (i. e., twenty-rour hours 
for 360°), since the heavens turn round the Pole at this rate, every star 
describing 15° of its circular course in an hour. The reason of expressing 
right ascension in time vnll appear as we go on, especially when we come to 
speak of the transit instrument. 

Thus, if we say that the right ascension of S is four hours, we mean that 
AS' corresponds to four hours — i. e., that A S' contains four times 16°, or 60°. 
A right ascension of six hours is 90°, of twelve hours 180°, of eighteen hours 
270°, and of twenty-four hours 360°, which brings us round the whole equator. 

185 If the right ascension of S be four hours, A will evidently come on 
the meridian at E four hours before 8', for the space A S' will be described in 
four hours, in consequence of the circumpolar rotation. Hence, observing 
^t S and S' come on the meridian at the same instant, we may define right 
ascension as follows: — 

The right ascension of a star (expressed in hours, minutes, and seconds,) is 
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the time that elapses between the transits across the meridian of tilie first 
point of Aries and the star. If the star crosses the meridian two hours, ten 
minutes, and eight seconds after the first point of Aries, its right ascension 
is two hours, ten minutes, and eight seconds, or briefly, 2** 10" 8*. 

The Transit Instrument, of which we shall speak fully in a future chapter, 

is nothing more than an instrument for observing the times at which heavenly 

bodies cross the meridian, or, as it is said, the tra$uiis of heavenly bodies. It 

is perhaps the most accurate and important instroinent used by astronomers. 

i86 Oriain <f the terms Bight and Oblique A8ceneum,^These terms 

often occur in astronomical books, but 

Fi^44 ^ the latter has now fallen into disuse. 

They have reference to the times of rising 
of heavenly bodUes, as shown hj the ce- 
lestial sphere in what are called its right 
and its oblique fOBiHona, When the poles 
are in tiie nonzon, as is the case when 
the observer is on ^e Earth's equator, 
P the sphere is said to be a riaht inhere, 
for then all the heavenly bodies nse at 
right angles to the horizon. Fig. 44 
represents a right sphere, P and Q oeing 
the poles, P B Q the horizon, S' 8 the 
circmar course of any star, which is evi- 
dently at right angles to the horizon at 
the point §', where the star rises. In 
this case, the time elapsing between the 
rising of the first point of Aries an at of the star, was called the right 
ascension, — i. e., the time of the as on of the star above the horizon in 
the right position of the sphere. 

'V^^en the poles, P and Q, are not in 
the horizon, ABC, fig. 45, the stars 
cross the horizon obliquely when they 
rise. In such a case tne sphere is said 
to be oblique, and the time of ascension 
was called oblique ascension. 

187 Hour Angle. — The angle which 
the polar circle, P S S', fig. 43, makes at ^ 
the pole, with the meridian, PE, is called 
the hour angle of the star S', because, if 
reduced to time, at the rate of 1 hour 
for 15°, it shows what time must elapse 
before the star crosses the meridian. The 
number of degrees, minutes, and seconds, 
in this angle, is evidently the same as in 
the arc S' E. 

188 Latitude and Lonaitvde of a Place. — The terms latitude and longi- 
tude, with reference to a place on the Earth's surface, correspond to declina- 
tion and right ascension, with reference to the celestial sphere. The Earth's 
surface, supposed to be spherical, is called the terrestrial sphere; the terrestrial 
equator is the great circle of the terrestrial sphere, every point of which is 90^ 
from each of the terrestrial poles. The latitude of a pomt on the terrestrial 
sphere is the same thing as its declination ; the longitude the same thing as its 
nght ascension, with this difference, that the longitude is not measured from 
the first point of Aries, but from some fixed point of the terrestrial equator. 

189 But this way of defining latitude and longitude is not sumciently 
exact, taking into account the fact that the Earth's surface is not spherical. 
We must define these terms with reference to the celestial sphere in the fol- 
lowing manner : — 

Every place on the Earth's surface may be considered as marked upon the 
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celestial sphere, by that point of the celestial sphere which is verticaUy over 
the place, — i. e., by the zenith of the place. The zenith of London marks the 
position of London, that of Paris the position of Paris, and so on ; in fact, a 
correct map of the Earth's surface would be formed on the celestial sphere by 
marking the zenith of every place, and so tracing out on the celestial sphere 
the various eoasts and boundaries of countries, the ▼arious towns, &c. &e.,by 
their zeniths. 

190 Taking, then, the zenith of a place as the point representing that 
place on the celestial sphere, we define latitude and longitude as follows :^ 

The latitude of a place is the dedinatio^ of its zeni& ; the longitude of a 
place is the right ascension of its zenith, measured, however, not from the 
first point of Aries, but from some particular meridian, such as the meridian 
of Greenwich. Longitude is not measured from the first point of Aries, 
because that point is always moving over the Earth's surface, and longitude 
measured from it would l>e an ever varying quantity. 

191 Li ^, 46, P and Q represent the 
poles ; E Z' F, the equator; G, the zenith ^%^® 
of Greenwich ; P G E F, tiie meridian of 
Greenwich; Z, the zenith of any other 
place ; P Z Z' Q, the meridian of ti^e place ; 
then the arc Z Z' is the latitude of that 
place, and E Z' is its lon^tude. 

1 92 The apparent motion of the heavens 
takes place in the direction of the arrow, 
and it must be remembered that the meri- 
dians P Z Q, and P E Q F, must be sup- 
posed to be fixed, while till the heavenly 
bodies appear to be carried round by the 
circumpolar motion. Since this motion takes 

Slace at the rate of 15^ per hour, it is evi- 
ent that, if the longitude of the place be 
15°,— i. e., if E Z' be 15°, every star will 
cross the meridian of the place, E Z Z' Q, one hour before it crosses the meri- 
dian of Greenwich, P G E Q ; if the longitude be 30°, everv star will cross 
the former meridian two hours before the latter ; if 45°, three hours, and so on. 

193 Longitude, thus considered, is 
measured towards the east, and is called 
east lon^tude. If measured towards the 
west, it 18 called west longitude. 

194 The Altitude of the Pole at any 
place shows the Latitude qf that place. — 
For let P, fig. 47, be the pole ; Z, the 

^ zenith ; A B C, the horizon ; E B F, the 
equator : then E Z is the latitude of the 
place; E P is 90°, also Z A is 90° ; 
therefore E Z=90°— Z P, and P A=90' 
— Z P ; therefore P A=E Z. 

Now, P A is the altitude of P above 
the horizon ABC; hence the altitude of 
the pole is equal to the latitude of the 
place. 

195 The circular arc Z P is called 
the co-latitude, or the complement of the latitude, because with the latitude 
it makes up or completes 9CP. 
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in. Of 7Sm0, Sidereal and Solar. 

196 Sidereal Time, — The most accurate observations show that the ap- 
parent circompokr motion of the heavens is perfectly aniform, always taking 
place at the rate of 15^ in an hour, 16' in a minute, 15" in a second. Indeed, 
we maj oondnde firom mechanical considerations, that the Earth's motion 
about its axis, and therefore the circumpolar motion of the heavens, is uniform. 
From this uniformity of motion, every star ma^ be used as a clock to indicate 
and measure time, provided we have proper instruments for observing the 
motion of the star. 

197 Time, measured by the motion of the stars, is called sidereal time; 
the interval of time in whicn a star completes its revolution is called a sidereal 
day; the twenty-fourth part of that interval, a sidereal hour. We must, of 
course, choose some particular star or point of the heavens to mark the 
sidereal hours by its motion; ilie first point of Aries is that fixed upon for 
this purpose. When the first point of Aries is on the meridian, it is o'clock, 
sidereal time ; when the first point of Aries has moved 16^ west of the meri- 
dian, it is 1 o'clock, sidereal tune ; when it has gone 30^ west, it is 2 o'clock ; 
90°, 6 o'clock ; 180°, 12 o'clock : 270°, 18 o'clo<£. Astronomers generally go 
on from 12 o'clock to 13 o'clock, 14 o'clock, &c., up to 24 o'clock, when a new 
day commences. 

lod Hence the sidereal time at which a star crosses the meridian is evi- 
dently the right ascension of the star expressed in time ; for, ajs we have 
shown above, the right ascension of a star, expressed in time, is the number 
of hours, minutes, and seconds that elapse between the transit of the first 
point of Aries and the transit of the star ; therefore, when the star is crossing 
the meridian, the first point of Aries is that number of hours, minutes, and 
seconds past the meridian, — ^i. e., the sidereal time is that niunber of hours, 
minutes, and seconds past o'clock. 

199 Solar lime.-^Solar time is time measured by the Sim's motion, in 
the same manner as sidereal time bv the motion of the first point of Aries. 
The interval of time in which the Sun completes his revolution is called a 
solar day, the twenty-fourth part of it a solar hour. Also the solar day 
commences when the Sun comes on the meridian. 

200 Hence sidereal and solar time difier in two respects : First, TIxe 
sidereal and solar da^s commence at different instants of time, for the Sun 
and the first point or Aries never cross the meridian together, except at the 
vernal equinox, when the Sun coincides with the first point of Anes. We 

have already explained the nature of the 
Sun's proper motion, which carries him 
backwards among the stars (i. e., contrary 
to the apparent motion of the heavens) 
about 1° each day, which corresponds to 4' 
of time. Let P and Q, fig. 48, represent 
the poles ; P E Q G, the meridian ; E A G, 
the equator ; A, the first point of Aries ; 
S, the Sun ; P S S' Q, the polar circle in 
which the Sun is, intersecting the equator 
at S^ Then S and S' will cross the meri- 
dian at the same instant, and therefore, with 
respect to solar time, we mav consider the 
Sun to be at S' ; in fact, it will be o'clock, 
solar time, when S' comes on the meridian, 
and the solar day will be the interval of 
time in which S' completes its revolution. 

201 The arrow in the fisure shows the direction of the apparent diurnal 
rotation of the heavens, which carries A and S' round and through 15° every 
hour. But we must remember that, as the year goes on, the point S' is con- 
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tintially moving backwards, (i. e., contrary to tlie arrow,) in consequence of 
•die Sun's proper motion, completing the wnole 860° in a year. The distance 
of S' from A is therefore continually increasing at the rate of about P 
daily; for 1° is very little greater than the 365th part of 360°, and therefore 
the daily increase of the distance, A 8', is about 1° daily. 

302 About the third week in March, S' will coincide with A, and there- 
fore, since bo^ points cross the meridian together, it will be o'clock, side- 
real time, at the same instant that it is o'(3oek solar time. 

In a quarter of a year afterwards,— i. e., in June, A 8' will be 90^, or 6**, in 
time ; therefore A' will cross the meridian 6 hours before 8' ; in other words, 
it will be 6 o'clock, sidereal time, when it is o'clock, solar time. 

In September A 8' will be 180°, or 12^ in time ; therefore it will be 12 
o'clock sidereal time, when it is o'clock solar time. 

In December A 8' will be 270°, or IS** in time ; therefore it will be 18 
o'clock sidereal time, when it is o'clock solar time. 

203 Secondly, Solar time is longer than sidereal. For since 8' moves 
back about 1° every day, it will cross the meridian about 4°* late every 
day— i. e., 4"" later tnan it would do if it remained stationary in the heavens. 
It is clear, therefore, that the solar day will be about 4P longer than the 
sidereal day. This may also be shown by considering what has just been 
stated — ^namely, that in a quarter of a year (i. e., 90 days in round numbers) 
after the equinox, it will be 6 o'clock, sidereal time, when it is o'clock, solar 
time. Hence 90 days, solar time, are equivalent to 90 days and 6 hours, 
sidereal time; and therefore, taking the 90th part of 90 days and 6 hours, 
which is 1 day and 4 minutes, it appears that 1 day solar time is equivalent 
to 1 day and 4 minutes sidereal time— i. e., the solar day is about 4" longer 
than the sidereal day. 

204 Appa/rent and Mean Solar Time, — Solar time, defined as above by 
the Sun's motion, is not regular and uniform as sidereal time is. This arises 
from two causes — ^first, the oval form of the orbit in which the Earth moves 
round the Sun, which makes the Earth move sometimes quicker and some- 
times slower, and therefore renders the apparent annual motion of the Sun 
irre^ar; and, secondly, the obli5[uity otthe ecliptic to the equator makes 
the mterval between two successive transits of the 81m across the meridian 
lon^r at the solstices and shorter at the equinoxes. 

Trom both causes, the day shown by the Sun's motion is sometimes longer 
and sometimes shorter. It would, of course, be very inconvenient to employ 
the Sun's motion, subject to such irregularities, to mark time ; and yet, for 
civil purposes, it would be quite as inconvenient to use sidereal time — e. g., in 
March it is two hours past mid-day at two o'clock, sideraal time ; in July, it 
is two hours before miduight at two o'clock, sidereal time. 

205 To obviate these inconveniences, we use for civil purposes, and in 
astronomical ol^servations also, what is called mean solar time, which is no- 
thing but regulated solar time, the irregularities of the Sun's motion being 
allowed for and corrected. The word * mean' signifies * average ;' the length 
of the mean solar day is the average length of the solar day : which is deter- 
mined as follows :— 

It is foimd by observation that the backward motion of the Sun, or rather 
of the point 8', fig. 31, in the interval between two successive transits of the 
Sun across the meridian, is, taking its average or mean length, not quite P, 
but 59' 8", (we omit fractions of 1" ;) on some days it is greater than this, and 
on some diays less ; but its average length in a CTeat number of days is 59' 8". 
Therefore, considering the average motion of the Sun only, and supposing the 
Smi to be on the meridian now, it is clear that the heavens must turn round 
59' 8" more than a complete revolution— i. e., 360° 59' 8", before the Sun 
comes on the meridian again ; in other words, the average or mean length of 
the solar day corresponds to a revolution of the heavens through 360^ 59' 8", 
which, expressed in sidereal time, at 15° per hour, 15' per minute, 15" per 
second, amounts to 25** 3™ 561'. Hence it appears that tne mean or average 
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solar day conBists of 24^ 3*" 66}' sidereal time, and is therefore longer ihaB 
the sidereal day by 3 miniites 66^ seconds. 

206 A well-reffolated dock shows mean solar time ; a stm-dial shows the 
actual irreffidar so&r time, or, as it is called, apparent solar time. 

207 jSquation of 2¥m«.*-The equation of tmie is the number of minutes 
and seconds that must be added to or subtracted firom the apparent solar 
time, or the time shown by a sun-dial, in order to make it equa^to, or, aa it is 
said, to equate it to the mean solar time, or the time shown by a dock. The 
equation of time is sometimes greater and sometimes smaller; sometimes it is 
additive — ^i. e., to be added to the apparent time— and sometimes it is sub* 
tractive. It is given in the almanac, often in columns headed *Sun too 
slow,' ' Sun too fast,' or ' Clock after Snn,' ' Clock before Sun.' Thus, in 
White's JS^phemeris for 1849, on March 30, in the column headed 'Clock 
before Q,' we find 4°* 33* ; which means, that 4*" 33' must be subtracted 
firom the apparent time to get the mean time. Again, on November 4, in the 
column headed ' Clock after 0,' we find Ifi*" 16', which means that 16"* 16' 
must be added to the apparent time to get the mean time. 



CHAPTER IV. 

METHOD OF SOLVING ASTRONOMICAL PROBLEMS 
BY CONSTRUCTION ON PAPER. 

I. Instruments necessary, 

WE have now sufficiently explained the meaning of astronomical t^rms 
to enable us to proceed to the solution of a variety of interesting and 
useful problems. These problems mAj be solved in a rough way by means of 
a pair of globes, and they are the principal problems usually treated of in 
what is called the * Use of the Globes.' They may be solved accurately by 
mathematical calculation, deduced from the formulsD and rules of that branch 
of mathematics called * Spherical Trigonometry.' We shall now explain 
a method of solving astronomical problems, which is at the same time 
simple and exact, and requires no acquaintance with the technicalities of 
abs^act science. All that is necessary for the immediate application of this 
method is a drawing-board, rule, compass, and graduated circle, or protractor, 
for laying down and measuring angles on paper. 

209 If a rough solution of astronomical problems, such as that attainable 
by the use of the globes, is all that is required, these instruments may be of 

a very ordinary description ; 
ia^ 49 a table will serve in place 

of a drawing-board, and a 
common graduated ruler or 
brass semicircle will answer 
perfectly well for laying 
down and measuring angles. 
See ^. 49. 

If, however, accuracy 
is required, a good fiat 
drawing-board must be pro- 
cured, and the paper must 
be stitdned upon it, having 
been previously damped ; 
the ruler must be per&ctly 
straight, and should be 
made of hard metal; the 
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points of tLe compass must be fine, and one leg oueht to h&vo an adjusting- 

ecretr, for the purpose of openinf the compass wiUi great eKactuess to any 

required distance ; and, lastlv, t£e circle or protractor, which is shown in 

fig. 49, ought to be capable of measuriiig Fa so p 

an angle accurately to a minute by means ' * 

of a Vernier, (which we shall presently speak 

about.) EespScting the protractor, we may 

observe here that it consists of a graduated 

circle, E F G, fig. 50, and an arm P H I Q. 

wliich turns round about the centre of the 

graduatod circle, carrying Verniers at G and F; 

the centre is marlied bytbe intersection of two 

fine lines, A C imd ED, generally drawn on 

A small piece of plate-glass, A B C D, fixed in 

the middle of the arm i at F and Q are two 

fine points, which may bo pressed down on the 

paper so as to mark it shghtly ; the line jois- 

iDg these points passes through the centra of I 

Ihe circle. * 

210 The use of this instrument is as follows: — Suppose it is required 
to draw a line tlirouf^h the point C, making an angle of 30° with the line 
A B. Place the protractor on the paper with the centre (i, c,, the inter- 
section of the two lines drawn on the piece of 

'"'6 *' glass) exactly on the point C ; bring the points 

D (i. e., P and Q, fig. 50) exactly over the line 

A B ; then, by looking at the graduations on 

, the circle, turn the arm through 30'' ; this being 

■ done, mark tho paper by pressing down the 

points, and suppose E and D to be the two 

marks ; then join E and D, and E D will be tho 

required hue, making an angle of 30^ with A B. 

In like manner we might apply the instrument to measure the number of 

degrees and lainuteB contained m any angle drawn upon the paper. 

211 Thia instrument, if well made, is capable of groat accuracy. We 
may observe that, by always using the two points and reading off at the two 
Venders, we may entirely get rid of any error there may be, either in ttio 

Ceition of the centre, or m placing the centre on the point C, fig. 51 ; but we 
ve not space to say anything on this head. 

212 In using tne simple instrumentfi shown in fig. 49, we have only to 
phwe the point M, which is the centre of tho graduations, upon C, fig. 61, 
and the line L N on A B ; then by looking at tho graduations we shafl see 
what angle C D makes with C B. 

The method we are about to explain has tho advantage of giving, with 
groat facihty, and without supposing any knowledge of ftigonomet^, the 
means of solving astronomical problems much more accurately than could be 
done by means of globes. It also gives very simply the Tarious mathematical 
fonnuhe employed in astronomy. 
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313 Wemnat Ba; a few words, before we proceed, in order to explain whftt 
ft splierical tmngle is, and what ite eeveral puis represent. In tlie eune war 
— -- that aa ordinary or plane triangle ia formed 
bj three Btraight linea drawn on a plane 
Borface, and meeting at three angular points, 
BO a Bpherical triangle ia formed by three 
arcs of great cirdcs drawn on a spherical 
surface, and meeting in three angular points. 

1314 Fig. 52 reprcsenta a Bpnerical snr- 
I face, with a spherical triangle, ABC, drawn 
on it i A B, B C, and C A represent area of 
(Treat circles ; thej are called the lidei of 
the spherical trianele. The angles of this 
triangleehowtheinclinationa of the three Bides 
to each other at their respective pointa of in- 
tersection ; but we mnst explain more folly 
what the 

315 Aaglei tf a Spherical Triangle. 
and A G, fig. 63, be any two circular arcs, or other 
curved Imea meeting at a point. A; then we cannot 
speak generally of the inclination of the arc A B to 
the arc A C, as we could do if they were atraight lines, 
because, being curves, they are mfierently inclined to 
each otlier at different parta. Butwemay ipeakofthe 
inchnation of these two curves to each ouier at the 
point A ; for take two points, D and E, on A B and 
A C respectively, very near A, ao near that the por- 
tions A D and A E may be too email for their curvatore to bo sensible, Hid we 
may regard them ee two very small straight lines. These two linea make a 
certain angle with each oUier, what«ver it may be, and that ai>^e i^ ^^ 
angle at w&ch the two curves meet each other at the point A. This soffi- 
cientty en)laiD8 what we mean by the angles of a apherioal triangle. 

316 If we produce the two small lines AD and AE to any points, F and 
Q, the straight lines A F and A 6 are respectively coincident with the two 
curves A D B and A E C, in the immediala vicinity of the point A ; Iheae 
lines are therefore said to touch the curves at A ; A F ia said to be the tangetU 
to the curve A D B at the point A, and A G is said to be the tangent to tbe 
curve A E C at the point A. 

217 Hence, the angle which the two tangents make with each other is tbe 
aame thing as the angle which the two curves make with each other at the 
point A. 

J. 3l8 If A F, fig. 54, be the tangent at any 

y DA** point, A, of a circle, whose centre is O, it ia easy 

to see that A F is perpendicular to the radius A O j 

for if A P be an extremely small portion of the 
circumference, so small that we may conaider it a 
straight line, the tangent A F is simply A D, pro- 
duced to any point F; now since, in describing a 
I circle, the point of the compass always moves per- 
pendicnlu'ly to the radius, A P must be perpen- 
dicular to A 0, and therefore A F is so also. 

Jig It is important to remember, that the 
tangent at any point of a circle is perpendicular to 
the radius or line drawn from that point to tbe 
centre. We may also observe, that the tangent always lies in the same plime 
as the circle. 
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320 A Spherical Triangle com- 
pletelv represents a Solid Angle,-^ 
Let ABC, fig. 55, be a spherical 
triangle, O the centre of the sphe- 
rioal surface, on which the triangle 
is drawn, O A, O B, O C, the nwii 
drawn to the angular points ABC. 
Then AB is a circular arc described 
with O as centre ; therefore A B 
represents or measures the angle 
AOB, which the two radii AO 
andBOmake with each other — i. e., 
the number of degrees, minutes, 
and seconds in A B, and in the angle A O B are the same, as has been fully 
explained in Chapter II. In like manner the circular arc BC shows the 
angle B O C, which the two radii drawn from B and C make with each other, 
and the circular arc C A, the angle C O A, which the two radii drawn from 
and A make with each other. 

221 Again, if we draw from A the two lines A F and A G, touching the 
circular arcs AB and AC at A, the angle FAG which these two tangents 
make with each other, is the same thing as the angle A of the spherical 
triangle. But the angle FAG also shows die inclination of the two planes 
A B and A O C to each other, as we may prove in the following manner. 

222 By the plane A O B, we mean the plime in which the two radii, A O, 
B 0, the circular arc A B, and of course the tangent A F, all lie ; by the plane 
A C, we mean the plane in which A O, C O, the circular arc A C, and the 
tangent A G, all lie. A O is the line of intersection of these two planes, and 
the tangents A G, ATP, are perpendicular to the radius A O. Now the angle 
at which two planes are inclined to each other is shown by drawing from a 
point in their line of intersection, a line in each plane perpendicular to the 
line of intersection. That this is the case is easilV seen, by marking with a 
knife a line E F, fip. 56, on a piece of card A B CI), and drawing a perpen- 
dicukr line B P Q m pendl : then turn the two parts A E F D and B E FD 
about the cut line E F, so afl to make them make an angle with each other, as 
in fig. 57 ; and it will be immediately seen, that, at whateyer angle we incline 





^etwoplanes AEFD and BEFG to each other, the two lines BFand 
PQwill always make the same angle with each other. But if we draw two 
%e8, P S ana P T, not perpendicular to E F, the angle these two lines make 
with each other will always be less than the angle at which the two planes 
are inclined. 

223 Hence, returning to fis. 55, it is manifest, that the angle FAG, or, 
what IS the same thing, the angk A of the spherical triangle, shows the angle 
at' which the two planes A O B and A O C are inclined to eadi other. In luce 
manner we may show that the angle 6 shows the angle at which the two 
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planes BOA and B O C are inclined to each other, and the angle C shows the 
angle at which the two planes O A and COB are inclined to each other. 

334 The triangular point O, which is formed by the meeting of the three 
planes A O B, B O C, C O A, is called a solidan^le, the three planes are called 
ihe planes, or faces, of the solid angle, and the three lines O A, O B, O 0, are 
called its edges. 

935 Hence, it appears, that the spherical triangle ABC represents, in 
all its parts, the soha angle O, which is formed by drawing radii from the 
angles ABC to the centre O— namely, the three sides of the spherical 
triangle, A B, B C, C A, represent res-pectiyely the three angles, A O B, B O C, 
C O A, which the edges, U A, O B, O C, of the solid an^e make with each 
other ; and the three angles. A, B, C, represent the angles at which the planes 
A O B, B O C, C O A, of the solid angle are inclined to eadi other. 

m. Method cf representing the different parts of a Spherical 

Triangle on FUU Paper, 

226 First Construction. — ^Let ABC, fig. 68, be the spherical triangle, 
O the centre of the sphere ; draw B F, a tangent to the circular arc B A, at B. 




and B G a tangent to the circular arc B C at B ; let these timgents meet O A 
and O C produced at F and G respectively, and join F G. ifien, as we have 
explained, the angles B O F, B O G, and F O G, are shown by the sides of the 
spherical triangle — ^namely, B A, B C, and A C respectively ; also the angle B 
of the spherical triangle is the same thing as the angle FBG. 

Now let us conceive Ihe solid figure OBGF to be formed of four 
triangular planes of thin board or card— namely, B O F, BOG, B C F, and 
FOG, fastened together by hinges along the edges O F, O G, and I< G, and 
by a clasp of some kind at B, so mat, if the dasp at B be unfastened, the plane 
O B F may be turned about the edge O F, the plane O B G about the edge 
O G, and tiie plane B G F about the edge F G. This being supposed, let the 
clasp atBbe unfastened, and let tiie planes OBF, OBG, and BFG, be 
turned about the hinged edges, until they all form one plane with O G F, so 
that the four planes may be laid flat upon the table, as is represented in ^g. 
69, where O F G, G B F, and O B' F, and O B" G, represent respectively the 
planes OFG, GBF, OBF, and OBG, in fig. 68. 

337 Hence, ^. 69 represents on flat paper the three sides and one angle 
of the spherical triangle — ^namely, the angles F O B', F O G, and G O W, show 
the sides A B, AC, and C B respectivdy, and the angle GBF shows the 
angle B. It is important to observe that the anjdes O B' F, and O W G, fig. 
69, being respectively equal to O B F and O B G, ^g, 68, axe right angles, 
that the lines O B' and O B'^ fig. 69, being each equal to O B, ^. 68, are of 
equal length, that G B" and G B, fig. 69, l^ing each equal to G B, fig. 68, are 
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(^ equal length, and that the same is true of FB' and F B, fig. 59, which are 
each equal to FB, fig. 58. 




338 We have, therefore, the following construction on flat paper for 
representing the three sides and one angle of a spherical trian^^le, whose 
angles we uiall denote by A B and C, and the sides respectively opposite 
those angles by the small letters a be, 

CSioosing a point O on the paper, draw the lines O B', OF, O G, and 
B'', fig. 60, making angles with each other equal to the three sides a b and c 



y\a. 60 




// 



B ^. 





of the spherical triangle— i. e., the angles a b and c at O, contain respectively 
the same number of degrees, minutes, and seconds, as the sides a b and c of 
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^ ^ perpendicular , , -^-r^, ,. 

G as centre and GB" as radius, and with F as centre and FB' as radras, 
describe two circular arcs B" D B and B' £ B, intersecting each other at the 
point B, and joinBG andBF: then the angle GBFso formed, is equal to 
the angle B of the spherical triangle. 

230 This construcidon will enable us to solve any astronomical problem 
in which we are concerned, with the three sides and one angle of a spherical 
triangle. We shall now give another construction for representing the two 
other angles of the spherical triangle, A and C. 

330 Seetmd Construction, — ^As before, let A B C be the spherical triangle» 
and O the centre of ^e sphere ; draw the lines B £ perpendicular to O A, and 



B 




BF perpendicular toOC; in the plane OAC, draw £D perpendicular to 
O A, ana FD perpendicular to O C, to meet in D, and join B I). The two 
planes B £ P and B F D, being thus made perpendicular to the plane O A C, 
their line of intersection B D will also be perpendicular to the plane O A C, 
and therefore to the two lines £ D and F D, wldch lie in that plane : the two 
angles B D £ and B D F, are therefore each right angles. 

In this construction £ B and £ D are perpendicular to O A, the line of 
intersection of the two planes O AB and O A C, and therefore, as we have 
previously erplained, the angle B £ D shows the inclination of these two 
planes to each other, or, what is the same thing, the angle A of the spherical 
triangle ; the angle B £ D is therefore equal to the angle A ; and in like 
manner, we may show that the angle B I^D is equal to the angle C, of the 
spherical triangle. 

331 Now, just as in the former construction, let us suppose the solid 
figure OB£DF to be formed by four triangular planes, OB£, OBF, 
Bed, BFD, hinged at their lower edges to the quadrangular plane 
O F D £, and fastened at B by a clasp. Let the dasp be unfastened, and the 
four triangular planes turned about their hinged edges, until they form one 
plane with the quadrangular plane O F D £, so that five planes may be laid flat 
on the table» as is repyesented in f^. ®, where O F D £ is ike quadraugBlar 
plane, and OFB", 0£B', DFF'', D£B, the four trfaoguUr plaaa^M-^ 
namely, O FB, O £ B, BF Bfc I) E B, ill %. 6L 

^33 Henoe, fkg^^-^ repc^ent^ 00 fiAt:B9p^ tiierthree-eid^ imd the: other 

the spherical triangle, just as in the former constru^CD^ nad the ooglML' 
D £ B, B F-B'"> show tlie two angles A and C. 
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233 It is important to 
obBerve, as before, that 
angles marked thus Lf 
in figure 6% are right 
angles, because they are 
respeciiyely equal to 
angles in fig. 61, which 
we know to be right 
aofles. Also, as before, 
OF and OB'' are equal, 
FB" and FB'" are equal, 
D B"' and D Bare equal, 
and E B and E B^ are 
equal, each pair of lines 
being equal to O B, FB* 
D B, and E B, respeo- 
tiyely, in ^, 61. 

234 We have, there- 
fore, the following con- 
struction on flat paper 
for representing the 
three sides a b and c, 
and the other two angles 
A and C of the sphencal 
triangle. 

Draw OB', OE, OF, 
and B", Bg. 63, making, as before, angles, a be, with each other ; make 
B" equal to O B' ; draw B" F perpendicular to O F, and B' E perpendicular 
to E, and produce those perpendiculars to meet in D ; draw D B'" per- 
pendicular to F D, and D B perpendicular to E D; with centre F and 
radius F B", and with centre E and radius E B' describe two circular arcs, 
cutting the perpendiculars last drawn in B'" and B, and join B'" F and 
B E ; then the angle BED will be equal to the angle A of the spherical 
triangle, and the angle B'" F D will be equal to the an^e 0. 




«•»»••■••"••. 
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9ft$ This construction is of considerable importance, and solves a great 
uomSer of astronomical problems, onlv in practice it is much simpler than it 
appears to be here, stated as it is in all its generality. 

Hub oonstmotion is also of importance, because it gives immediately all 
the mathematical formxdn of spherical trigonometry used in the most exact 
avtitHiomical calculations. 

336 AppUeaHon qf the Second Comtrudion to Bight Angled Spherical 

F 



^ I 
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Tricmgles, — ^When one of the angles of a Bpherical triangle is a right angle or 
90°, it is called a right angled spherical triangle. Suppose C to be a ri^t 
angle in the second construction ; then B"' F, ^. 62, is perpendicular to FD, 
ana therefore, since B"' D is also perpendicular to F I), tne two lines B"' F 
and B''' D coincide ; in other words, the points F and D coincide. Hence the 
construction becomes what is represented in fig. 64, in which O B' and O B" 
are equal, D B'' and D B are equal, £ B' and £2 B are equal, and l^e angles 
thus marked, L* ^^^ ng^t angles. 





li^GS 



33*7 Hence we have the foUowmg simple construction for a spherical 
triangle, one of whose angles, C, is 90^. 

Draw from O lines, as before, fig. 64, maVing the aneles ah c with each 
other ; make O B'' equal to O B', £aw B'' D perpendiciUar to O D, and B' E 
perpendicular to O E, which two perpendiculars produced will alw^s meet 
at a poiut D of the line O D, when the an^ C is 90^ ; with radius iJ B" and 
centre D, and with radius E B' and centre ±1, describe two circular arcs inter- 
secting at B, and join B D and B E ; then the angle B D E will be 90^, and 
the angle BED will be equal to the angle A of the spherical triangle. 

238 This construction solireB 
every case of ri^ht angled spherical 
triangles, and merefore, as will ap- 
pear, a great number of practi- 
cally usem astronomical proolems. 
We might easily show that this 
constructiongives immediately what 
are known as Napier's Bules, and 
obviates the necessity of the use 
of these rules, which is often very 
troublesome. 

339 Observations respecting the 
Second Construction, — ^It sometimes 
happens, in making the second con- 
struction, that one of the two per- 
pendiculars, B'' F and B' E, when 
produced, meets the other in the 
manner shown in fig. 65, in which 
case the point D lies between E 
and B', or, it may be, even beyond 
B' in E B' produced. In this case, 
the construction is precisely the 
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same as before ; we must draw D B"' perpendicular to F D, F B'" equal to 
F B", and D B perpendicular to E D, making E B equal to E B'. There 
is, however, a caution necessary respecting the angle A — ^namely, ihe angle 
BE D is not A, but BED' is, where E D' is D E produced. It is therefore 
necessary to maike the following statement respecting the angles A and B. 

340 In all cases, wherever the 
point D may fall, ike angle A is 
the angle which the line E B 
makes with the perpendicular B' E, 
produced bevondJ^ — i. e., the angle 
contained between E B and me 
produced fart of the perpendicu- 
lar; and, m like manner, the angle 
C is the angle which the line F S'" 
makes with the perpendicular B" F 
produced beyond F — i. e., the angle 
contained between F B''' and zLe 
produced part of the perpendicular. 
m mistake can be committed if it 
be remembered that the angles A 
and C are those made, not by the 
perpendiculars, but by the perpendi- 
^produced. 

241 When any of the angles 
a he, as for instance a, happens to 
be greater than 90°, the point E 
wiU fall on the other side of the 
point O, as is shown in fig. 66. In 
this case, the construction is the 
same as before, without the least 
alteration, and the same rule holds 
with reference to A and C. A is 
the angle BED which is contained 
between E B and the produced part 



E D of the perpendicular B' E, and . 
C is the angle B"' F D', which is ^ 




contained between F B"' and the produced part F D' of the perpendi- 
cular B"F. 

242 We have been particular in discussing the second construction on 
account of its importance, but no mistake can be made if the following points, 
which apply to all cases, be remembered. 

0B' = OB", FB"=FB"VDB'"=DB,EB==EB'; 
OFB", OFD, OEB', OED, FDB'", andEDB, are right angles ; 
The three angles at^O are the sides of the spherical triangle ; 
The angle of the spherical trian^e which is opposite me side B' O E 
is the angle contamed between F B'" and B" F produced ; 

The angle opposite the side B" O F is the angle con- 
tained between E B and B' E produced. 
243 Observations respecting a spherical triangle, two 
of whose sides a/re each 90°.— When this is the case, as in 
ng, 67, where h and c are each 90^, it is important to re- 
member, 1st. that a and A are equal (i. e., they contain 
the same number of degrees, minutes, and seconds,) and 
2ndly, that B and C are each right angles. To prove 
' c this, let O be the centre of the sphere, andjoin O A, O B, 
and O C ; then, since c is 90°, A O B is a right angle, 
and since h is 90°, A O is a right angle ; therefore A O, 
being perpendicular to O C and O B, it is manifest that 

F 2 



Fig. 67 




68 



MATH£2£ATICAL GE0GHAPH7. 




tlie planes A O B and B O C are at right angles to each other, and that the 
same is tnie of the planes A O C and BOO; wherefore the angles B and C, 
which show the inclinations of these planes to each other, are right angles ; 
also O C and O B beings at right angles to the intersection O A of ^e two 
planes O A B and O A C, the angle COB (which equiJs a) shows ^e inclina- 
tion of these two planes — ^i. e., the angle A ; therefore a and A are equal, 

244 It is also important to remember that, if horn 
any point P of O A we draw P E and P D perpendicular 
to O A, as is shown in fi^. 68, and describe the circular 
arc D E, (which is a portion of a small circle described 
about the pole A,) then the proportion of the arc I) E 
to the arc B is the same thinr as the proportion of 
the line P D to the line O B. TmB will become evident 
if we consider the arcs C B and £ D, to be described by 
the points B and J), when we turn the plane O A D B 
about the axis O A ; for then if P D is half O B, ti^e 
point D will only more half as fast aa the point B> ajid 
therefore the arc E D will be always half of the arc 
B ; in the same maimer, if P D be one-third of O B, 
B will move three times faster than D, and therefore C B will be three times 
E D, and so on. In whatever proportion, therefbre, P D is less than O B, 
ihe are E P will be less than the arc C B in the same proportion. See 
counter IL 

Havinff now said enough of spherical triangles, we shall proceed to the 
solution or astronomical problems. 

lY. Solution f^v€M>i(ms Astronomical Problems, 

345 In the solution of the following problem, it will be necessary to hare 
an Ephemeris, or almanack, with astronomical tables. White^i Celestial 
Atlas, which only costs a shilling, and is published regularly erery year, will 
answer erery purpose. 

Problem I. 

lb find the Time qfStmrise on any given day of the Tear. 

346 Solution, — ^Draw a line O B', 
of any oonrenient length, fig. 69, and 
another O E, making tne an^e E O B' 
equal to the Sun's north polar dis- 
tance, which is giren in ^e Ephe- 
meris ; and draw B' E perpendicular 
to O E. Draw O D, making the angle 
DOE equal to the latitude offlie 
place, (which is of course known,) and 
meeting B' E produced at D. Draw 
D B perpendicular to E D, to meet a 
circular arc B' H B, described with E 
as i^entre. Measure the angle DEB, 
and confert it into time, allowing one 
hour for erery 15° ; then that time 
is the hour of simrise, as shown by 
the sun-dial. 

.n.^t?fi.-^??f "^^* \^'^\^^^' ^^' ^« *^« meridian, A S' C the hori- 
?on, P the Pole, S the Sun, and H S S' K the cirde which the Sun describes, 

horizon 
and 

about P 1,7 the polar ^ PS m~a;'i^ter;;2 b^^^en ^iddgTLdXiS 
u, when ezpressed m tame at IS^per hour, the number of horn, minutes, and 
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aeccmds between midnight and snn- pi^^. *jq 
rise, or, what is the same thing, the 
hour of sunrise. 

I^ow this angle is the angle at P 
in the spherical triangle A S' P, in 
which triangle the angle at A is 
90°, the side P S' is the Sun's polar 
distance, and the side P A is the 
latitude of the place (see art. 194.) 
Hence, employing the second con- 
ttruction, (as it applies to a right- 
angled triangle, art. 236,) supposing 
Ad', A P, and P S' to be a, 6, and e, 
respecfcivelj, and therefore the angle 
at P to be A, we obtain immediately 
the above solution. 

248 Example, — On the 2nd of 
May, 1849, at what hour will the 
Sun rise in London P 

Looking in White's Celestial Atlas for 1849, we find — 

Page 47. Latitude of London, 51° 81'. 

Page 10. Sun's declination 15° 26' north, and therefore polar distance 74° 34'. 

Therefore in Ik. 69 we must make E O B' 74° 34', E O D 51° 31', which 
if we do, we shall Aid the hour of sunrise to be twenty-nine minutes past four, 
as shown by the sun-dial. 

240 It appears by the Ephemeris, that the Sun is about three minutes 
after tne dock on the 2nd of May, therefore the time of sunrise by the dock 
.will be thirty-two minutes past four. 

250 If we examine the tables of the hours of sunrise and sunset in the 
jEphemeris, we shall £nd that twelve o'clock is not half way between sunrise 
and sunset ; the reason of this is, that twelve shown by the clock, is not the 
same as twelve shown by the dial. Twdve, as shown by the dial, would be 
exactly half-way between sunrise and sunset, only for the motion of the Sun. 
In fEict, in working out the above problem, we nave for simplicity supposed 
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the Sun to remain fixed in the heavens during 
the day. This is not true, and therefore our 
result IS slightly erroneous. 

251 We shall presently show that, in con- 
sequence of the refraction of light by the atmo- 
sphere, heavenly bodies appear to rise a Httle 
Ixfore, and to set a little after, they actually 
come on the horizon. 

Pbobleh II. 

To find at what Point of the Ckmpass the 

Sun riees, 

252 Solution, — Draw the lines B', O E, 
and O B, (fig. 71,) exactly as in Problem I., 
making E O B' equal to tne Sun's nolar dis- 
tance, E O D equal to the latitude of the 

flace, and B' D perpendicular to O D. Draw 
) B" perpendicular to O D, to meet a circu- 
lar arc, B' H B", described about O as centre, 
at B" Measure the angle D O B", and the 
result will be the Sun's azimuth at rising, 
which, as we have explained in the previous 
chapter, fliows the point of the compass 
at which he rises ; for example, if D O B" 



70 MATHEMATICAL GEOGRAPHY. 

be 0, the Sun rises in the north ; if 45^ in the north east ; if 90°, in the east, 
and so on. 

2^3 Proof. — In fig. 70, A S' is the Sun's azimuth at rising, and A S' is 
the tnird side of the right angled spherical triangle, A P S', considered in 
Problem I. ; therefore, employing the second construction as applied to a right 
angled triangle, we find the azimuth in the manner just stated. 

254 By means of this problem, or rather, bj[ a mathematical calculation 
equivalent thereto, the variation of the compass is often found at sea. The 
ma^etic needle does not point truly to the north ; the error is called the 
variation of the compass ; and it is dmerent at different points of the Eartii's 
surface. It is, of course, necessary for the navigator to determine this error, 
and how it changes as he sails over the ocean ; this he does by observing 
^dth the compass at what point the Sun rises, — ^i. e., the Sun's azimuth at 
rising; he then, by means of a mathematical calculation equivalent to 
•Promem 11., finds what the Sun's azimuth ought to be, and takes the dif- 
ference between the result and the azimuth observed by the compass ; which 
difference is manifestly the error or variation of the compass. 

Pboblbm m. 

On a given Day of the Year, to find at what Sour any given Star 

crosses the Meridian, 

255 Solution, — ^Look in the ^hemeris for the Sun's right ascension and 
that of the star; subtract the former from the latter, and the result will be 
the hour (i. e., tiie number of sidereal hours, minutes, and seconds, after 
mid-day by the dial) at which the star crosses the meridian. 

If the Sun's right ascension should happen to be greater than that of the 
star, add 24" to the latter before subtractmg. 

ji«7« 256 Proo/t— Let S, fig. 72, be the Sun; T, 

* the star ; E S' T F, the equator; P S S' Q and 

P T T' Q being respectively the declination or 
polardrdes oftheSunandstsur. Then S'T^ reduced 
to time, is evidently the number of hours, minutes, 
and seconds between the transits of S and T; but 
if A be the first point of Aries, A S' and A V 
are the ri^ht ascensions of S and T, and there- 
fore S' T' IS the difference between the ri^t as- 
cension of the star and that of the Sun. Hence 
the truth of the solution is manifest. 

257 By adding 24** to the right ascension of 
a heavenlj; body, we do not alter its position on 
the celestial sphere, since 24** corresponds to 
360°, — ^i. e., a complete revolution. We may therefore, if we please, add 24^ 
to the star's ri£;ht ascension, should it happen to be less than that of the Sun, 
in order to ma£e the subtraction of the former from the latter possible. 

258 Exa/mpUs, — ^At what hour does Arcturus cross the meridian on the 
25th of September, 1849 P 

Looking in the Ephemeris we find, omitting seconds : — 




Hight Ascension of Arcturus (a Bootes) . . . 14** 9 
Ditto of Sun, (September 25th, 1849) . 12*" 8 



m 



Difference, 2'» 1" 

Therefore Arcturus crosses the meridian 2** l*" after apparent noon. 

259 We have taken here the Sun's right ascension at mean noon, on the 
25th of September, which is given in the Ephemeris. A small correction is 
necessary m this, to allow for backward motion of the Sun in the interval 
between noon and the transit of the star. 
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260 To determine the same for the 26ih of December, we have:^ 

Bight Ascension of Arctim]8 + 24'' 38^ 9' 

Ditto of Snn (December 26th) . . . 18»» 16" 
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Difference, 19* 53*" 
Therefore Arcturus crosses the meridian 19* 53"* after apparent noon. 

PfiOBLBK IV. 

To find at what Hour anv given Star rises or sets on any specified 

Vay of the Year. 

361 Solution, — Precisely as in the case of the Sun, Problem I., find what 
time elapses between the rising of the star and its transit over the meridian ; 
subtract this from the Lour of the star's transit found by Problem m., adding 
24/> to the latter if necessary ; then the rescdt is the hoar of rising of the star. 

To find the hour of setting, add instead of subtracting. 

Example. — Supposing that we find by Problem I. that the star's 
transit takes place eight hours after its rising, and, by Problem HI., that on 
the 1st of August the star crosses the meridian, at 4 o'clock ; at what hours 
does it rise aim set P — • 

4 + 24 = 28 4 

Subtract 8 Add 8 

20 12 

Therefore the star rises at 20 o'clock, (four hours before noon,) and sets 
at 12 o'clock. 

262 The hours in these and the previous examples are sidereal hours, 
which are a little shorter than mean solar, or the ordinary dvil hours. In 
round numbers, we may consider that a mean solar hour is ten seconds 
longer than a sidereal hour. 

Pboblbm v. 

Having given the Right Ascensions and Declinations qftwo heavenly bodies, to 
find the JDistanoe qf one from the other, in degrees, minutes, and seconds. 

263 Solution.'^'Fmd the polar distance of each body, (by subtracting its 
declination from 90^, or adding, if the body be south of the equator,) ana the 
difference of ^e right ascensions in degrees, minutes, and seconds ; and then 
make the following construction, ^. 73 :— 

Draw O B" (of any 
length) and O F, mak- 
ing the angle B" O F 
equal to the polar dis- 
tance of one body ; and 
draw B" F at right 
Kngles to OB''; draw 
also L M equal to O B", 
M N perpendicular to 
L M and Ij N, making 
the angle N L M equfd 
to the polar distance of 
the other body; draw 
N K equal to B" F, 
making the angle M 
N K equal to me dif- 
ference of the right 
ascensions of the two bodies ; and with centre F, and radius M K, and with 
centre O, and radius L N, describe two circular arcs intersecting at E ; then 
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the angle EOF being measured, gives the required distance between the two 
bodies, in degrees, minutes, and seconds. 

264 P/vof.— Let 8 and T, fig. 72, be the two bodies, and join S T by an 
arc of a great circle, which arc is the required distance between S and T ; 
then, in the spherical triangle S P T, (P being the pole,) we have given the 
two sides P S and P T, which are the polar distances of S and T, and the 
angle S P T, which, as we have explained in the previous chapter, is the same 
thing as the arc S' T' (the difference of the right ascensions) on the equator, 
in degrees, iidnxites, t&d seconds. Hence we have giv^i two sides and the 
incluaed angle of a spherical triangle, and it is required to find the third side, 
S T. This can be done by means of the first construction ; for, referring to 
it;supr^ie a andBf^ oegiven: then, fiadng upon any length we l^lse 
fcftOWi and therefore O BV^*^ in«Q' construct tne two triangles, CrErix 
4md OFF, and so find ^e sides W G- and B' F, which are respective^ equal 
to O B and F B ; but B fe known, and tfeerefiwe, having founaG B andFiB, 
we oaa construct the triangle G B F, and so find €h F : tlien, since we ha^ 
ihxm cbtermined O G, O f^ and F G, we can constniet the triangle O F G, 
and so find tile angle b, which is the third side of the spherical triangle. 

This is exactly what we have done in fig. 73, where the triangles L M N 
and K M N are the same as the triangles O F B' and F B G m the first 
construction. 

265 We might also solve this problem by the second oonstruclioii, by 
supposing a b and G to be the given quantities, as follows : — 

Draw O B", O F, and O E, making a and b equal to the given polar dis- 
tances, and B" F at right angles to O B", making O B" of any length we 
please : draw F B'", making C equal to the given difierence of right ascen- 
sions : measure F B'" equS to F B", and draw B'" D at right angles to 
B'' D : draw D E at right angles to O E, and produce it to meet a circular 
arc, described with O as cen^e and O B'' as radius, at the point B^ : then 
£ O B', or c, the required third side of the spherical triangle, is found. 

Pboblbm YI. 

Saving ^iven ike LcUitudes and Lonffitudes of ti^placeg on the EaHh*8 
surface, to find the diHance between them in milee. 

366 Solution, — Proceed exactly as in Problem V., putting latitude for 
declination, and longitude for right ascension, and then convert the result into 
miles, by allowing 69| mUes for every degree, which will give the required 
answer. 

267 It is not necessary to say anything to prove this, beyond observing 
that it is found by actual measurement, that a degree of a great circle on the 
Earth's surface is about 69^ nules long. 

268 To solve this problem accurately, we ought to take into account the 
fact that the Earth's surface is not an exact sphere ; without, however, going 
to such a degree of accuracy, this problem is very useful geographically. 

269 We might insert here a great number of useful and important 
problems, but, as our space is Hmited, we shall not dwell longer on this sub^ 
ject now. 

The problems given here are chiefly with a view of showing generally how 
the two constructions may be applied m astronomy. 
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OPTICAL FBmCZPI<E8 REQUISITE IN ABTBONOMY. 

t , 

ALL astronomical observatioxis are made.tliroa^k the mediom of light, 
xL and hj meaofl of inatraments whose conatrQctioii xnauoly- depencU upoh 
pptical prmciplea; it is therefore highlf ixoportanlr for oa astroaoHier rip 
onderstajid somethiog of the science of optics, in order that he nay be ahle 
to make the best nse^of his instromentSi and ayoid many err(»s into whksh he 
k l&elj to fall firom ignorance of the laws which regulate the iaranamiasion of 
£ght. It will not be possible to devote sofficieiii space here to the full 
deyelopment of the principles of optics ; all that we can do is, to explain those 

{phenomena of hght which have immediate reference to as^nomy, and the 
aws upon whidi the construction and use of astronomical instruments 
depend. 

We shall, in the first instance, state everything of practical importance 
relating to the transmission of light &om luminous bodies : we snail then 
esnplain briefly the laws of reflection and refraction, the dispersion of light into 
dinerent colours by refiraction, and certain other points of practical miport- 
ance ; and lastly, we shall show how these laws enable us to construct instru- 
ments for ascertaining direction, and subdividing space wilji the greatest 
possible accuracy. 

I. Of the Trcmsmission qf Light firom luminous bodies. 

371 2%6 transmission qf light is not instantaneous. The common and 
natural notion respecting the transmission of li^t is, that it oomes froni 
Inminous bodies to the eye instantaneously ; but this is not the case, thoueh 
the ahnost inconceivable speed with which light travels is such, that it mi^ht 
be considered instantaneous, only for the extreme accuracy of astronomical 
observations, which require us to take account of the velocify of Hght. 

273 The fact tiiiat u^t travels with a certain velocity was ascertained b^ 
ike Danish astronomer, Komer (to whom we owe the invention of the transit 
instrument) in the following manner. 

The planet Jupiter is accompanied by four satellites, which move round 
him in the same manner that the Moon aoes round our Earth, but in shorter 
periods. As these bodies revolve round their central planet, they appear to 
ns to move backwards and forwards on each side of .Tupiter, never receding 
far from him. Sometimes they manifestly nass in front of him, which is 
perceived by their casting shadows on his oisK ; and at other times they pass 
Dehind him, which is perceived by their sudden disappearance after they have 
come close to his disk. Sometimes also they are eclipsed by their entering 
the shadow which Jupiter casts. All this may be seen by means of an 
ordinary telescope. 

By watching these eclipses, occultations, and immersions, as they are 
cailea, of Jupiter's satellites, we may determine the rate at which the^r move 
round him. It is thus found that the following are their respective periods of 
revolution: — 

The first satellite completes its revolution in about If days. 

The second 3^ „ 

The third 7 „ 

The fourth 16} „ 
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It ia importaat to notice the shortness of these periods, for i^on that faet 
the discoveiy of the velocity of light in a creat measure depended. In little 
more tilian a fortnight, it would be poesiole to ascertain these periods far 
watching the eclipses and occultations of the satellites ; in fact, in that length 
of time the motion of the first satellite mi^ht be completely determined. 

Hayine once made oat these periods ofrevolatLon, we can of course always 
predict when the eclipses and occnltations wiU occur dnrinfi^ the lapse of a year 
or several years ; and this Eomer did. But he found that there was apparently 
a manifest error in his predictions ; he observed that there was some unacconnt* 
able irregularity in the eclipses and occultations ; at one period of the year 
ihej appeared always to take place too late, and at another period too soon. 

y ^^^ *^ All this seeming irregu&iiy was, how- 

-. y- J ever, explained in the most satisfactory man- 

""fi ^^^^ • -*-^s^ ner by luhner, by the supposition that light is 

transmitted, not instantaneously, but with a 
certain finite, though very great velocity. The 
foUowing was his exphmation: — 

Let £ and J, fig. 74, represent the Earth 
and Jupiter revolving in their orbits about the 
Sun, S ; and suppose it to be that period of the 

5 ear when the Eurth is between the Sun and 
upiter, as is shown in the figure. Kow, in 
somewhat more than six months, the Earth 
and Jupiter will have come into the positions 
shown in ^, 75, the Sun being oetween 
Jupiter and the Earth; for the motion of 
Jupiter being much slower than tnat of the Earth, the former describes but 
a small portion of his orbit while the latter performs half the whole circuit, 
so that in a little more than half a year the two 
bodies will have come into the position repre- ^^g*'^ 
sented by Sg. 75. 

Now, Bomer found that» in the position re- 
presented by ^. 74, the eclipses and occultations 
of the satellite appeared to take place eight 
minutes and thirteen seconds too soon, ana in 
the position represented in fig. 75, they appeared 
to take place eight minutes and thirteen seconds 
too late. In fact, supposing the motions of the 
satellites to have been determined by observa- 
tions made when Jupiter and the Earth were on 
the same side of the Sun, as in fig. 74, and the 
eclipses and occultations to have been predicted 
from the motions so determined, it was found, 
that in six months^, e., when the Earth and Jupiter were on opposite aideB 
of the Sun, as in ^, 75, the eclipses and occultations took place nearly six- 
teen minutes and a naif later than the times predicted. 

This was immediately explained, by supposing that the light, which 
conveyed to the eye, as it were, the intelligence of the eclipse or occoltation 
having taken place at Jupiter, did not amve instantaneously, but travelled 
with a certain velodty---namely, a velocity just sufficient to transmit it across 
the Earth's orbit in sixteen minutes and twoity-six seconds, or in round 
numbers, a velocity of twelve millions of nules per minute, the diameter of 
the Earth's orbit being about 190 millions of miles. For on this supposition 
it is clear, that since the Earth is farther from Jupiter in the position repre- 
sented in fig. 75 than in fig. 74, by a distance equal to the cuameter of the 
Earth's orbit, the eclipse or occultation would be seen sixteen minutes and 
twenty-six seconds later in the former position than in the latter, since the 
light would take that additional time to travel across the Earth's orbit when 
Jupiter and the Earth were on opposite sides of the Sun, 
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273 That this is the real cause of the dif- 
ference between the observed and predicted ^'gW 
times of the eclipses and occultations, is in a 
great measure proved by making observations 
on the satellites during the whole year. It will 
be found that wheo the bodies are situated as in 
fig. 76, where S and E are at equal distances 
from J, the eclipses and occultations will occur 
eisht minutes and thirteen seconds later than 
iDTthe uosition ^. 74, the light then having 
to travel an additional distance e^ual to hau 
the diameter of the Earth's orbit. And in 
the intermediate positions which the bodies 
occupy at different times of the year, it will 
be mund that the number of minutes and 
seconds, which the eclipse or occultation appears to be later than in the 
position €ig. 74, is always proportional to the additional distance the li^ht 
nas to travel over, in consequence of the Earth being farther from Jupiter 
than he is in the position fig. 74. 

374 Stellar Aberration. — But the velocity of hght shows itself in 
another curious phenomenon, called stellar aherratton, which was dis- 
covered by the astronomer, Bradley. Bespecting this subject we have 
onlv time to remark, that Bradley found out that the stars are observed 
to describe every year little orbits m the heavens ; in fact, they always appear 
to be displaced from their true positions in the direction in which the ±)arth 
is moving. For instance, in spring the star y Draconis when seen near the 
zenith, as it will be in the south of England, will appear to be nearly 2(f 
south of its real position, in summer nearly 20" east, in autumn about the 
same distance north, and in vrinter about the same distance west of its true 
pkce ; at which times the Earth is moving southward, eastward, northward, 
and westward, respectively. Stars 90^ distant from the pole of the ecliptic, 
which it will be remembered is about half-way between Polaris and y i)ra- 
conis, appear to suffer so displacement when the Earth is moving either 
directly towards them or from them. In fact, this apparent displacement is 
found to diminish as the distance of the star from the point of the heavens 
towards which the Earth is* moving diminishes. 

275 Bradley showed that this phenomenon is com];)letely and satis- 
fiictorily explained, by supposing it to arise from a combination of the Earth's 
motion and the motion 01 light. He was able to calculate what ought to be 
the velocity of light to give rise to this apparent displacement of 9ie stars, 
and he found it to be the same as that determined by itomer from the eclipses 
and occultations of Jupiter's satellites. That the velocity determined by 
Bradley should agree vnth that given by Bomer from such totally different 
observations and reasonings, is of course a most satisfactory proof of the truth 
of the hypothesis, that light moves with a velocity qf about twelve miliums of 
mlesjper minute. 

We have dwelt longer on this optical fact than we shall do on others, on 
account of its great importance in astronomy. 

276 The MectiliTieal Transmission of tdght — That light is transmitted 
from luminous bodies in straight lines or rays, is so obviously true, that we 
need not say much on the sunject. If we make a small hole in the shutter 
of a darkened room, so as to allow the sunlight to enter through it, the 
rectilineal course of the light will be made very evident by shaking out some 
dust from a puff-bag, whidL will be illuminated by the light. The fact that 
we cannot see round a comer, or through a bent tube, is a familiar proof that 
light travels in straight lines, and so sdso is the shadow cast by any opaque 
ODJect, which is always exactly the shape traced out by straight lines drawn 
from the luminous point from which tne light comes, throu^ the different 
extreme points of the object. 
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« 
277 Upon this property of lu^t dependB entirely its use as a meana ol 
afloertaining directum. We can tell in wha4; direction an obiect is by lookii^ 
towards it, but we cannot judge, by listening to sound, the direction of a 
sounding body, because sound does not proceed in straight lines or ra;^s. We 
shall presently explain fully ^e meant oy whidi astroncmiers ascertain direc- 
tion, by means oflight. 

II. Inflection and Diffraction fiflA^kt. 

378 But though it be a fact, that in ordinary cases light proceeds in rays 
from luminous bocues, there are cases, often of practical miportance, in which 
light spreads like sound. If the sunlight be allowed to enter a darkened room 
t&ough a rery small hole, (or, what is better, through a lens of short focus 
placed in front of a hole not quite so small,) the shadows cast by it will exhibit 
very curious appearances. They will be smaller than they would be if the 
light entered the room through a hole of moderate size, and of a totally 
different shape if the body castmg the shadow be small ; and their edges will 
be surrounded by coloured ban(£ and bars, and, whereyer there are sharp 
comers, by beautiful curyed fringes. 

279 To see these in great perfection, all that is necessary is a common 
spy-glass or telescope. Get a round piece of card the size of the object glass, 
and cut a hole in tne middle, say the size of a shilling, oyer which gmu a 

Eiece of soimd tinfoil. Then, with a sharp pointed knife, cut carefrillj a small 
ole in the middle of the tinfoil of any shape, such as a triangle, a square, a 
cross, a star ; or, with a needle, prick one, or two, or three, or a great number 
of holes in the tinfoil. Coyer the object glass with this card, fastening it on 
with a httle bee's wax, or otherwise. Then drop a little globule of mercuiy 
on a piece of black yelvet, and lay it on a table or on the ground in the Sun^ 
rays : in this manner a bright point of light will be produced. All that is to 
be done now is to look at mis point of light through the telescope, holding it 
very steadily, or, what is better, fixing it on some stand, or supporting it on 
some books. When this is done, the most beautiful optical phenomena will 
be seen, which may be yaried by drawing in or out the tube of the telescope, 
or by viewing the globule of mercury at a greater or less distance. 

280 We have space here only oarely to notice these phenomena, and to 
state that they arise from the fact that li^nt spreads like sound when it enters § 
darkened room through a very small hole. The curious figures and colours 
are produced by what is called the intenference of light, respecting which we 
cannot say anything here. These phenomena constitute wnat are called the 
inflection and diffraction of light. 

281 We have thought it necessary to allude to these optical facts here, 
because they often prove a source 01 serious imperfection in astronomical 
and surveying instruments, and they often greatly add to the difficulty 
of making certain astronomical observations. We have seen levelling tele- 
scopes wnich could scarcely be used, on account of the wires in the focus 
being so affected by diffraction, as to appear like a number of indistinct bars; 
and we are convinced that opticians ought to be more familiar with this 
subject than they are. In microscopes of high power, with very smaJl object 
glasses, the diffiraction completely spoils the image formed by the instrument, 
espeinally when the object is ilhimmated by a small, weU defined luminous 
surface. 

m. Reflection cmd Repf action of Light. 

282 We have stated that light is transmitted from luminous bodies itt 
straight lines or rays, but this is true only when the light passes througk 
vaeuum) of through a nerfectiy uniform transparent medium»— i. «., either 
empty spe«e, or space filled with some gaseous, liquid, or solid matter, whzoii 
is all through of the same consistence and density. The air immeduttdy 
surrounding the Earth's surface may be regarded as a uniform medium, but 
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ti soma dirtanw upwards from tha snrface, the detulty of t!ie tit diminiihes 
rapidly as we aeeeoA. Ifear the Earth's Borfaoe, therefore, li^t pasBM 
tiuMugh tiie air in itrai^t lines, bnt tiaa m not true except close to tli» 

183 Ref^focUon. — Whenerer the density or conslitenee of the medinm 

through which light is pagsiiis chausea, the direction in which tbelif^htiaoyea 
ia altered. In the case of light coming from a heavenlj body to the eye, the 
path which the light porknes is continually bending as the hght mores on, in 
Boiuegnence oC the continoal change of density of the atmosphere. WLen a 
ray of light enters a piece of glass, its direction is immediately changed, in 
Donsequeuce of the consistence of the glsas heiog different from that of the 
air, 01^ of which, we su^poae the light to pass into the glass. The same ia 
true of water, oil, spirit and of erery transparent Bubataace, In a greater or 
leas degree. 

384 The change of direction which a ray of light experiences in ptissinz 
from one mediom into another, as, for instance, firom air into glass, is called 
rfflvction, or the breaking or bending of the ra^, as the word signifies. Be- 
fi^tion takes place generally whenever there is any change in the densitv, 
omsiatence, or nature, of the tKinBparent medimn through which the lignt 
ia passing. 

38^ The continual bending which a ray of light from a heavenly body 
eipenencea as it ia passing tli^ugh the atmosphere, is called astronomical 
r^adion. This error, as it is called, afieets a large and important class of 
astronomical observations, and it is therefore neoeaaEiry to imderatand it, so as 
to be able to allow for it, and ascertain the true direction of the heavenly 
body fi;om which the ray comes. 

a86 ReJleetion.—'DiB refraction of ligbt ia always accompanied by what is 
called reflection, or a casting back of the light. When Ught is passing from 
one medium into another, a certain portion of it ia always thrown bach, or 
reflected, so that only part of the light enters the second medium. In the 
ease of glass, when light enters it irom the air, the portion of light which 
suffers reflection is small compared with that which enters the glass. In the 
ease of a metallic medium, euch as mercury or ailver, a considerable portion 
of the light is reflected, and only a very small part enters the metal. Glass 
ia thereiore aaid to have a weak refleotivo power, but mercury or silver are 
said to be highly reflective. 

387 Lawi of Reflection and. Se- 
Aarfws.— Let A E F, fig. 77, ho any 
medimn, a piece of glass for instance, 
and let P A be a ray of light which, 
passing out of air, or anyotber medinm, 
enters the glass at A. Draw B A B' at 
right angles to the surface of the glass 
at the point A. The ray F A is said 
to he iW(fen(, — i, e., to fall upon the 
glasB at A, and therefore thia ray ia 
called the inad^at ray. The plana in 
which the ray P A and the perpendi- 
nilflr B A B' lie, is called the pUme qf 
inadenee. 

When the ray enters the glass, it 
is K&Bcted, and proceeds in a Afferent 
direction to that in which it wa« gome 
before i let that direction be A E, 
A E' being the former direction P A 

produced. The broken tine P A B shows the whole conrsa of the light, 
■hidi prooeeda in a straight line from P to A, is broken or re&acted 1^ A, 
nd then goes on in a strat^t line to B. 
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FiK. 78 showB B case of reflection, ^e 

incident ray PA, instead of going on in the 
gtraight direction A B', ie tSrown back or 
reflected at A, and proceeds through tiie 
ftir in the direction A Q. 

A H, Gg. 77, ia called the r^fl-aeled ray, 
amd A Q, fig- 78, the reJUeted ra^. 

988 The fint law of reflection and re- 
fraction ia this : — The reflected and re- 
fracted rays always lie in the plane of inci- 
dence in other words, the three lines, 
PA BAB'.and AR,%. 77, andtliethi«e 
X lines FA, BAB', and AQ, fig. 78, always 
he m the same plane, — i. e., the incident 
ray, the perpendicular to the snriace, the 
reflected ray, and the re&act«d ray, &U lie 
in the same plane. 

389 The second law maybe stated in the following manner :— Let PA, 
A B, and A Q, fig. 79, be the three rays as before ; A B, the Boriace of the 
raoditun, whidi we shall snp- 
pose to be a plate of cIbbb j draw ^TS 

from any point B ofthe snrfaoe 
of the elass, a perpendicidar, 
C P B D, meeting the incident 
ray at P, and the reflected and 
refracted rays produced back- 
wards at D and C respectively ; 
then the second law u, that A O 
is always eqnal to A P, and A C 
is always about one-half ?reat«r 
than A P, — i. e., three h^rea of 
A P. 

aoo Whatever the mediom 
may be, whether glass, or water, 
or oil, or any other substance, 
A D ie always exactly equal to 
A P, and A C alw^s exceeds 
(or fells short of) A P by a cer- 
tain fraction of A P. '^ I 

991 Brfr active Index. -^The 
proportion of A C to A P varies 
with the nature of the substance 
of which the medium A B E F 
ia composed, and that of the 

medium ont of which the light passes into A B E F. This proportion 
is called the reactive index,- thus, if A C is always four-Uiinb of A P, 
which is very nearly the case when the medium A B E F is water, and 
the upper medium air, the refractive index is said to be J. AC may be 
always found by multiplying A P by a certain number or decimal, de- 
pending on the nature of the two media, and that number is called the 
refractive index. 

apa The following table gives the refractive indices of different sub. 
stances, supposing the light to enter each Bubstanoe out trf vacuum : — 
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Sobetuwa. 




about i 

aboat) 

about 1 


Water 

Aloohol 

OilofoUvea 

S2 £ :;:::: 

Oilofcasua 

S«Ppti» 

Diamond 


1-000-294 

1-336 

1-872 

1-470 

from 1-600 to 1-650 

from 1-676 to 1-642 

1-641 

from 1-768 to 1-794 

from 2-439 to 2-755 



In tluB table it wiU seem thst the refractive index ia not alwaje ezactiy 
Ae rame for Uie same mbitance ; ai, for instance, in the case of sapphire, ia 
ume spetdmens it is as high as 1-794, and in others as low ae 1-768. In the 
c»e of etess '^ere is a oonsideTable diversity of refractive index, on ^cconnt 
of the (Ufferent ingredienta of idiich glaaa la made, and the different propor- 
ti(Hu in which thev are mixed together. 

393 The angle FAB which the incident ra; F A makea witii the 
perpendicolw S A B', figs. 7? and 78, is called tJie tattle tjf inddaiee. Hie 
angle Q A B is, in like manner, called the angle qfr^l^on, and B A B', the 
aitgk (^ reaction. 

Since A D is alwaye equal to A P, it follows tiist botit these lines 
ire inclined at the same angle to the perpeadicolar C D ; in other words, the 
reflected ra; makes the same angle with the peipendicnlar to the anrface that 
Ibe incident ra; does,—!, e., the angle of reflection is dwajs equal to the angle 
<f incidence. 

194 Fig. 79 enables os to determine the comse of the refraotod ra; by 
conatmction on paper, as follows :— 

Having drawn a line A G, to represent the snrfaoe, and a perpendicular, 
B C, from any point of it ; draw P A at the proper inclination to repreaent 
Uie incident ray. Mea^nre A P, and open the ccmpase to once and a half 
Uiat distance, supposing the medinm to be glass of the lowest refractive 
power ; then, pntting one point of the compass at A, describe a circular are 
with the otiier, meeting E C at C, from which p^t draw the line C A E 
tliroiigh A. This will give A K, the refracted ray. 

395 The refractive index, when the light passes out of elua into car, is 
the redprocsl of that out of air into glaas ; that is, if the former be f, the 
latter is j. This is trae of all snbstances ; the refraotive index, when light 
piMea out of one medium (A) into another (£), is the reciprocal of that out 
rfBintoA. 

396 The refractive index is always 
Ibh than unity, that is, A C is always 
Im than A F, when the light passes out 
of a denser into a rarer me£um. Fig. 80 
■Ws the course of the refracted ray in 
itu^ a case. We may see, by oomparing 
fige. 79 and 80, that when the light passes 
oit of a rarer into a denser medinm, the 
fefradion, or bending of the ray, is to- 
tarda the perpendicular, but ont of a 
denser into a rarer it is aiea^ from the 
popendicnlar. 

H)7 If the refractive index, when 
li^ passes oat of a medium A into a ; 
medium B, be multiplied by that ont of 
B into snotiieT medimn C, the result is 
therefisctive indexont of AintoC. It. 
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follows from thk, that the refractive index out of A into C, divided by that 
out of A into B, gives the refractive index out of B into C. Thus, if the 
refractive index out of vacuum into glass be f , and that out of vacuum into 
water be f , that out of water into glass will be f divided by f , that is, f . 

rV. Disperdon of Light, 

298 Index qfBej^aetion depend* upon Colour. --^It is found by experiment 
that the refractive index depends, not only on the media out of and into 
which the light passes, but also on the colour of the li^ht. Hie refractive 
index is greater when the colour is orange that when it is red ; it is still 
greater when the light is yellow, still greater when greeUi greater again when 
Blue, and greatest of all when violet. 

2p9 White Light Compoundj^lt is also found that white light, such as 
the hdiit of the Sun, or of a candle or lamp, is not simple but compound ; eadi 
ray of white light beinj^ a union of several coloured rays, which are usually 
classed into seven kiiii&— namely, red, orange, yellow, green, blue, indigo, 
and violet. Each of these classes includes a variety of £fferent shades ; in 
fact, we may say that in reality a white ray of light is compounded of an 
infinite number of rays of different colour and shades of colour. 

As we have stated, all these colours have different refin.ctive indices. The 
following table for different substances will show tke nature and amount of 
this diversity of refractive index. 







Ervbaotivb Index fob 




Colour 


Flint Glass. 


Crown GlaAS. 


Water. 


Bed 


1-628 


1-626 


1-331 


Orange 






1-630 


1-627 


1-332 


Yellow . 






1-636 


1-630 


1-334 


Green. . 






1-642 


1-633 


1-336 


Blue . 






1-648 


1-636 


1-338 


Indigo 






1-660 


1-642 


1-341 


Violet .... 


1-671 


1-647 


1-344 



300 Difpersion <f White Light by B^action.^Let P A be a ray of 
white light incident at A, on the'surfSftce of any medium, say crown glass ; then, 

in order to find the course of the light 
after it has entered the glass, we 
Fiff.ai / must proceed to make the construc- 

tion already explained, remembering 
thart the different colours which com- 
pose P A have all different refractive 
mdices, as shown in the table we 
have just given. Thus for red the 
index is 1-626; therefore if we suppose 
A P to be 1, and make A C equal to 
1*626, A B, which is A C produced, will 
show the course of the red ray after 
refraction. In like manner, since 1-547 
is the index for violet, if we make A D 
equal to 1*547, A V, which is A D pro- 
duced, will show the course of the 
violet ray after refraction. In the 
same way we may find the inter- 
mediate refracted rays, the orange, 
yellow, green, &c. 

Hence it is manifest that the ra- 
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riaiUMiloaredr&yawhichwerenuitedin the white FBT FA, will, ftfWre&ao- 
tion at A, be aepantted. and poas through the piece <a glaaa in different direc< 
tioDB; thendny ABbemg least bent ont of ite original direction PA Q, 
the violet most, and the iiuetmediate coloora in order in an intermediate 
d^iree. The white ra; P A ia tJierefore, as it were, di^ertad aa eoon aa it 
enters the glaaa into a set of oolonred raya dirergins from the point A. In 
tbis msnoer t^ diaperaion of white light ia prodaoed bj re&aotion. 

T. Pottage t^Hght tkroHgk FltUet, Prunu, and Lentet. 

301 ToMta^t qflMU through a Plate qf Qlatt or other tran^xirmt Sub- 
fftt,)^.— By a pute of glaai we mean a jnece bounded by plane anrftces which are 
panllel to each otier. 
let E P G H, fig. 82, 

represent a aection of 

nuji a piece of gloaa at 

right aoglea to the pa- 

rulel pluie anr&cea re- 

peaented by £ F and 

OH. Snppoee that a 

nj of light F A falla 

upon the sarface E F 

at the point A ; then 

the conrae of thia ray 

ia pusine throngh the 

glaiawill be as foUowa : 
The ray will of 

cottTBebe re&acted at 
' A, and instead of going 

on m the direction AQ, 

wlioh is P A {ffodnoed, 

it will pass thropgh the 

eUaa m the diroctdon 

Afi, which, aa we hare 

staled, is leaa inclined 

to the perpeodicDlBr to 

^ r^;acting gxirface than A Q is. At B the ray will paaa out of the 

1^ into the air, and therefore again Boff'er refraction ; but aince it paaaea 

oom a denaer info a rarer medinm, it will be bent away from, not iowarda, 
the peiT>endicular. In fact, the re&action or degree of bending at B, will be 

^cuelj of the same amount aa at A, only it will take place in the opposite 

SrectiMi i thia may be easily prowd by maloBg the proper oonatmchon for 
the refraction at A and B, aooording to tlie method we have explained above, 
remembering that tiie index of refi^ction at B ia the reverae or reciprocal of 
that at A. 

^e consequence of thia will be, that tlie ray will emerge from tlie glass at 
B m a direction B E, parallel to the original direction P A Q ; for whatever 
be the angle through which tlie ray is beat at A, it wiU be b«it through the 
ume ang^ in the opposite direction at B, and therefore be restored to its 
wginal direction. 

30] Hence, when a ray of light passes through a plate of glass, it will 
emerge parallel to ita original direction, but it will suffer a eertam degree of 
lateral displacement — i.e., BB will be parallel to, but not coincidmtwitli,PAQ. 
303 Ptutage i^IAgkt through a Pritm. — By a priamwo mean a piece 
of glass or other transparent substance, bounded oy plane surfaces whioli are 
mt parallel, but inclined to each other at a certain angle. Let £ F G, fig. 
83. represent a aection of such a piece, at rieht angles to the two plane anr- 
iicet whiidi are shown by the linea £ F and £ G. Suppose that a ray of 
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IWu the coune of this nj 

in pMBm? throiuli the 

glus wijlbe aa followi : 

^_^_-0 The ray, beins te- 

fracted at A, win be 

turned towarde Uie per- 
^^^_^^^ pendicnlar to the sor- 

j^ — ""^ ' ■ — -B face E F, and pan 

■"■"^ through the glaae in 

the direction A R At 
B it will goffer a eeooiid 
refraction, and will be 
turned away ttota the 
_ perpendiculM' to the snr- 

face E G. The effect of 
the lecond ro&aotion will be, not to tnra the ny back to its original direc- 
tion, but to make it deviate «till farther away &om it, ea is evident from 
the fifure. Thus the ray, iaetead of going on is the direction A Q, which 
ii F A prodaced, will emerge out of the glass in the direction B B. 

The effect of the priam here is to tnm the ray, not towards tlie angle 
E, but towards the thicker part of the prism F G ; and this ia always Uke 
case, snppOBing the prism to be made of glass, or any transparent substance 
denser vasa the air ; the ray will always M bent away from the angle of tie 
prism towards the thicker part. 

Diipertion produeed &s a Ptmm. — The two refractions which take 

I * *l*_.ii ^^^^^_ jl t : t il.- -jr^^ ^p ^3__-. _ 



t of dispersion, and showing ibe composition of white 
iigni, ana me omerent refrangibillty of the coloured ravs composing it, in a 
very itrii^ng manner. All that is neccMaiy to exhibit the dispersion of light 
in great pe^ection by a prism is, to allow a ray from the sun to enter a dark 
room thntngh a hole or slit in a shutter, and then to intercept it by aprism, and 
receive the transmittedJighton a screen, or on the wall or ceiling. LetEFG, 
flg. 86, represent the priam, F A, the ray frum the Sun falling on the mr&oa 



at A. Suppose the red ray to pass thnitigh the prism in the direction A B, 
and to emerge into the air agcun in the Section B E i then the violet ray 
wm be more refracted at A than the red, and therefore pass through thie 
E™m in a direction A C, more inclined to A Q {A Q being P A pranced) 
than A B is. Again, the yiolet ray will be more refrw;ted at C than the red 
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Hence, if the emergent light be reoeived on a screen Q B T, at some little 
diituioe from the prism, a red spot will be seen at B, and a riolet spot at T. 
In the space intennedi&te between B and V will be seen the iatermediato 
coloon, The order of the coloim will be aa followa :— 

B«d at B. 

Orange. 

Yellow. 

Green. 

Bloe. 

Indigo. 

Violet at V, 

Tbo coloared spaoe between B and T U oommonly called the FrUmaiio 



305 if the sides E F E G of the prism be cnrred instead of plane, the 
effect It prodooM on li^t passing through it will be the same— aee Bgi. 84 




ud 86, whidi represent prisms wi& onired rides, and where the oo*ine of 
the light is represented by the same letteia a» in fig, 86. 

It is important to observe v 

^ double difference of the 




()rigmal direction of the light} 
in ng. M, and above A Q in 
fig. 85. In other words, the 
light in both cases is bent to- 
tnvit the thicket side of tiie 

^dlj. The violet is below the red in fig. 84 and above iki»fi] 
other words, the violet is in boUi cases on vie thicker ride of the | 
the red on ^e thinner ride. 
, 306 2Tie Contpoand Ae\romatk Pritm, — A prism which prodnoes refrac- 
tion without disperrion— L e., one which bends all the coloured rays equally, 
M (rid to be ae&rooMtic — i. e., without colour. A single prism, eucn as one of 
those we have just spoken o£ cannot be achromatdo, as is evident firam what 
ve We explained. But by putting two prisma toother, as in fig. 87, it is 
^rible to make a compound prism which shall be aohromatio or nearly so. 
We ihsU briefly enjlain how this is done. The two prisms, E F G and 
B F G', are pbced in opporite poritions, and therefbre prodnee opporitt 
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re&odioss &nd digieraioni ; tlie priBm S F G will bend fhe im npwardi, 
■nd throw the violet abore the ted; whUe the oUiep priem E'F GK will 
h»ve the reverse effect. P A B A' B' E representa the course of the red ray 
tbroQsh Uie two prisms, the dotted line A C C V, the coarse of the violet, 
end A Q is P A produced. 

Now, Bnppose that the refraction produced by tlie first prwrn emonnts to 
10°, and the dispersion to 1°. By Bajing that the refraction is 10°, we mean 
that the prism turns the red raj ICP out of its original direction A Q, and by 
saying tbat the dispersion is 1°, we mean that the violet ray is turned 1° more 
than uie red out of its original direction — i. e., that the violet raj is turned 
11° out of ita original direction. Secondly, suppose that the refiiotion pro- 
duced by the second prism is 8°, and the oispersion 1°. The effect of the two 
piigma may be ealcnlated as follows i — 

Se&action produced by first prism 10^ upwards. 

„ „ by second 8° downwards. 

Total refraction produced by both prisms . . 2° iqiwards. 

Dispersion produced by first prism 1° upwu^. 

„ ,, by second 1° downwards. 

Total dispersion produced by both priams. . 0° 

Hence these two prisms will produce a total refraction of 2° withont 
dispersion, and so form a compound aohromatic prism. 

307 Whether it is possible to male prisms which will produce audi 
effects as we have here suppc«ed, is a point to be decided by experiment, 
Ifewton concluded from some imperfect eiperimenta that it was not possible 
to do so ; that if the diaperaions produced oy the two prisms were equal and 
opposite, aa we have supposed, the refractions woold also be equal and oppo- 
site — that is, that if the total dispersion were nothing, so alao would the total 
refraction ; in other wcvda, he oonolnded that it was a physical impossibility 
to obtain refraction without disperaion. From this erroneous conclusion, he 
gave up all hope of making acnromatio telescopes, and turned his attention 
to reflecting telescopes. 

^o3 lb. Hall, a Worcestershire gentleman, and after him the celebrated 
optician Dollood, found Qiat Newton's orperiments were inaccurate, and 
proved that, by making one of the prisms of mnt glass, and the other of crown 
glass, a compound a<dmmiatio prism mieht be formed, which would produce 
ft certain amount of refraction without Aspersion. 

309 Seoondary Sptetrvm. — It is possible in this war to destrov the disper- 
sion, as far as the red and violet rays are concerned ; but this wiU not, at the 
same time, answer for the other colours, as, for instance, the red and ereen. 
If, ou iJie other hand, t^ disperaion is destroyed as far as regards red and 
green, it will not be quite destroyed as far aa regards red and blue. A 00m- 
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poimd priim, Bvdx u the above, eannot be made perfecUj acbronuitio for &U 
tie colours ( but by putting three or more priems toeether this may be done, 
at least to a Boffident degree of accuracj. The light which passes throogh. 
the Eompoond prism, fig. 87, will therefore exhibit some traces of oolonr if 
nceiTcd on a Bcreen. The slightlj ooloored spot it makes on the screen is 
eailed the Secondary Spectrum. 

310 Poitage ^ lAght through Lenu*. — A lens (&om Unt, a bean) is a 
eircalar piece of ^laes, bounded bj two cured sonaces. Generally these 
mrfsces ve spherical, and not reiy maob cnrred, except in a lens of very high 
power. When the Borfaces are convez or carved outwards, the lens is said 
to be convex ; when inwards, concave. The best way to disldngnish between 
the two kinds of lenses is tc saj that a convex lens is thicker in the middle 
thun at the extreme parts, and a concave thinner. 



311 Comiex Len*.-~^Eig. 63 represents the passage of rays through a 
oraiTez lens. G H K L represents a sectiOD of the lens bv a perpendicular 

Erne through the middle, G A H showing one of the bounding surfaces, and 
B K the other. A number of rays P G, P E, P A, P T, P H, are sup- 
C\ to diverge &om a point P, and fall on the surface G A H of the lens. 
ray P A, which is supposed to pass through the central part of the lens, 
*ill not suffer any deviation, but pass strught titiough the lens in tiie 
direction A B Q, which is P A produced. ^ reason of this is, that tiift 
tDifsoes of the lens at A and B are parallel to each other, and therefore the 
nj passing throi^h the lens in the direction A B, will be tranamitted in the 
lame manner as if the lens were a plate of glass with parallel planes, fi^ow, 
we have shown in such a case, that the light on coming out of the glass will 
renune its original direction, and suffer only a slight degree of lateral displace- 
ment {ue %. 82). The lona is generally so thin, that we may neglect taking 
any account of this lateral displacement, and therefore we nave drawn the 
ny F A B Q straight through the lens in one unbroken line. 

As we have ex^ained in the case of the prism, the other tkji, F G, F E, 
F F, P H, will be bent towards the thicker part of the lens, and thraefore 
they will emerge &om the lens as shown in fig. 88, or as in fig. 89. 
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313 In one case, fig. 88, the lens is supposed to be sufficiently powerful 
to bend the rays so as to make them oonyerge towards, or nearly towards, 
some point Q, on the line F A produced. In the other case, the lens not 
being so powerful, the rays are not bent sufficiently to converge to a point 
in front of the lens, they are only made less divergent than they were 
before passing through the lens. In fact, if we produce them backwards 
they wul meet, or nearly meet, in a point Q, behind P on the line F A 
produced backwards. 




^13 Concave Lens, — ^Fig. 90 represents a concave lens and the passage of 
the lignt through it, the letters denoting the same things as before. The ray 
F A which passes through the central part of the lens will go on straight 
without deviation ; the oSier rays, F E, F F, F G, F H, will be bent towards 
the extreme paHs £ and L of the lens, which are now thicker than the 
central part A B. The effect of this will be to increase the divergence of the 
rays, so that, on producing them backwards, they will meet, or nearly meet, at 
a point Q, in front of F on the line F A. 

314 We have in all these cases represented the ray F A as passing 
somewhat obliquely through the lens ; of course all that has been said will 
apply equally when F A passes perpendicularly instead of obliquely. 

315 Focus, — ^A j>oint in which rays of light meet is called a focus, a name 
derived from the Latin word signifying ' fire-place,' because objects placed in 
the foouB of a burning lens were set fire to. The point F is called ihid focus 
of incident rays, and the point Q iAi.e focus of emergent rays. 

In fig. 88, the emergent rays actually cross at Q ; but in figs. 89 and 90, 
this ia not the case, me emergent rays proceed, however, just as if thev 
diverged from the point Q, and we may regard Q as an imaginary focus. Q, 
in fig. 88, is called a real focus, and in figs. 89 and 90, a virtual or imaginary 
focus, 

316 Principal Focus, Focal Length, — ^When the incident rays oome 
from the Sun, or any other very distant body, the focus of emergent rays is 
called the principal focus of the lens, and the distance of this focus from the 
lens is called i^ focal length of the lens. When the point F is very distant, 
the rays FG, FE, F A, P F, F H, will be inclined to each other at extremely 
small angles, so small, that we may consider the rays to be parallel to each 
other. We may therefore define the principal focus to be the focus of 
emergent rays when the incident rays are parallel. 

317 If parallel rays fall on a convex lens, as in fig. 91, where the focus F 
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of incident rays is sapposed to be at a great distance from the lens, it is 
eyident» from wliat has been said, that the emergent rajs will conrei^e 
towards a ]^int Q in front of the lens. Henoe the principal focns or a 
ooiiyez lens is infiwni of it, and is a real focus. 

Kg. 92 



CL 
-«0 



•»s: 




318 If parallel rajs fall on a concaye lens, as in fig. 02, the emergent 
rays will diverge, and therefore the principal focus is virtual, and fteAtiia the 

319 If the distance P A be equal to the focal lengih of the convex lens, 
the rajs will emerge parallel to each other, as is shown in fig. 93, where Q is 
supposed to be at an infinite distance from the lens. That this will be the 
case is evident,' bj supposing the course of the light in fig. 91 to be reversed 
—L e., to come from Q instead of P. 



Fig. 83 




^20 If P A be less than the focal lenj^th, the rajs will emerge diverjuing, 
and if P A be greater than the focal len^, the rajs will emerge converging. 

331 Hence we ma j make the following comparative statement respecting 
convex and concave lenses. 

A convex lens either diminishes the divergence of rajs or makes them 
convergent. We maj sa^ that the effect of a convex lens is aUpajft to 
produce a certain degree of convergence, for wemaj consider that diminishing 
the divergence of the rajs is nothi^ more than producing a certain amount of 
convergence, which partlj destrojs the divergence of the rajs, and therefore 
has the effect of making them less divergent uum before. 

A concave lens alwajs increases the divergence of rajs. 

A convex lens sometimes brings the emergent rajs to a focus in fironi of 
the lens, but a concave lens never does so. 

A convex lens maj be used to make diverging rajs parallel ; a concave to 
make converging ravs parallel. In both cases, tiie distance from the lens of 
the point from which the rajs diverge, or to which thej converge, must be 
equal to the focal length of the lens. 

322 Achromatic Lensj-^A. single lens, such as one of those we have 
mst described, produces its effect bj refracting the rajs just like a prism, and so 
bending them towards or from the central raj, according as the lens is convex 
or concave ; but this refraction will be accompanied bj dispersion ; the violet 
rajs wiU alwajs be more refracted than the red rajs, and therefore, in the 
ease of a convex lens, the violet rajs will emerge more inwards — i. e., more 
towards the central rav, than the red rajs do; out in the case of a concave 
lens, the violet raj wHI emerge more outwards than the red. 
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If, howerei", we pnt two lemea to);ether, one iKmrez and &e odier eaaevn, 
BDct that the outward diBpenion produced by one maj be jnrt equal to tlu 
inward diBpersion produced by the other, the total amoont of diepemon 
prodnoed "bj the two lensee m oombination will be nothing, aa in the caae of 
the two prisma abore ezphuned. At the same time, by nuddng one lena of 
crown glaaa, and the other of flint g]a$a, there will be » oertun amonnt of 
re^tion «till prodoced. In this manner the leuHes will bend the rays 
iiifficiently for practical purposes withont dispening them, at least, without 
any Berious amount of dispersion, for there will alwajs be some ariune &om 
the secondary spectrum. 

n V _ .. 3^3 It is usual to pnt 

tlie lenses tether u in 
fig. 94, G H being the 
eotatex, sad E L the con- 
1 cave lens, the former 
* > being made of crown 

^^t and the Utter of 
flint glass. In the tele- 
scope, the convex lens is 
always that on which the 
light first falls, and in the 
microBoope the reverse is the caae. Ite mann&cture of achromatic lenses is 
now brought to great perfection. The difficulties of grinding, polishing, and 
fitting them properly together are considerable, especially when the combina- 
tion is required to be powerfhl — i e., of short fooallength. 

334 Spherical AberrtOion qfZetuet.—Vfe have hidierto, in the figures we 
have given, represented the emergent rays as meeting in one point Q; but this 
is only true approximately ; the extreme iots P Q and P H, after pusins 
through the lens, wiD meet the central ray P A B at a point Q', (see fig. 96,) 




at some little distance from the point Q, where the intermediate r&ys P E 
F F, after emerging from the lens, meet the central ray P A B. In other 
words, the focus of the extreme emergent rays will be a different point from 
the focus of the intermediate emergent rays. If we suppose the rays F £ 
and F F to be near the central ray, Q is considered to be the true focns, and 
Q' is regarded as an erroneous focns. The error in the pMJtion of the focns 
Q', which ought to coincide with Q, is called tpAerifal aterratton, becaose it 
arises from the spherical form of the two surfaces of the lens. It is impossible 
mechanically to grind the surfaces of lenses in any bnt spherical forms ; but 
such forms are not those which cause the extreme and intermediate rajs to be 
refracted to the same point ; this error or aberration is therefore caused by 
the spherical forms of the lenses. 

315 In most caaes a convex lens produccB a backward aberration of the 
focus, that is, the point Q' is behind the ^int Q, as in fig. 9S ; but a concave 
lens generally prodnces a forward aberration, that is, Q' is in front of Q. Ili 
other words, one lens refracts the extreme raj% too much, the other too little. 



I 



FOBMATION OF IMAGES. 89 

ScfWfhj pailsngihB two lenses together, as in fig. 94 one convex, the other 
oQBoaye, and by giving a proper spherical shape to tiieir surfaces, we make 
the two opposite aberrations produced by the lenses almost entirely neutralise 
each other, and so cause all the emergent rays to converffe rery nearly to the 
same point. When the two lenses are properly made, me over refraction of 
tiie extreme rays by the first lens will be counterbalanced by their under 
lefiraction by the second lens. In this manner a compound lens may be 
oonstracted free from any serious amount of spherical aberration. Such a 
lens is said to be yiflanaHc, from the Ghreek, signifying ' free from error.' 
" Lenses which form the object glass of go^ teTesoopes and microscopes, 
are always made both achromatic and aplanatic. 

Haying now explamed briefly those optical principles which are absolutely 
necessary to be known by persons who wish to understand astronomy prac- 
tically, and to use astronomical instruments, we shall go on in the next chapter 
to consider the formation of optical imajB^es, by rays nassing through a hole or 
a lens &]lin|[ on a screen; from which simple, though really instrucUve 
case, we shaU derive the construction of tlie telescope and microscope, and 
explain their uses. 



CHAPTER VI, 



FOEMATION OF IMAGES—VISION— THE TELESCOPE, MICEO- 
SCOPE, AND MICEOMETEB— THE VEENIEE. 

I. F&rmatian of Image* by a Hole or a Lens, 

TiiOBMATION qf Images on a Screen by means tf a Mole.'^'Let A B C D, 
Ju ^. 96, represent a box or tube, in one end of which A B is a very small 
hole H, and at the other end a semi-transparent screen G D, made of fi;round 
glass, or thin sQyer paper, or a piece of smooth glass with a film of mil£ dried 



Fig. 96 




upon it. The eye is supposed to look at this screen, and an object G Y is 
luiBced before the hole M : then the following effect will be produced i"^ 

Supposing for an instant that the object G Y consists simply of three 
Itiminous pomts, one green, another red, and the third yellow, wnich are re- 
presented by G B and Y, respectively. Then green ra^s will issue in all 
directions from G, some of which, proceeding in the direction G H, will pass 
through the hole H, and, going straight on, will fall on the screen G D at G', 
the points G H and G Hbeing in the same straight line. The eye will 
therefore see a small green spot on the screen at G. In like manner some 
of the red rays from K, passmg through the hole and going straight on to W, 
the points K H and B' being in the same straight line, will form a small 
led spot at B', which the eye will see. In like manner, also, a small yellow 
spot will be seen at Y', tne points Y H and Y' being in the same straight 
Ime. 

Hence the eye will see three small spots on the screen, exactly similar to. 
and at the same relative distances from each other as the points G B and Y 
of the object, only inverted in position ; in fact, an inverted image or likeness 
of the object wiU thus be cast on the screen G D. 
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Precisely the same reasoDiiu^ would apply to an object ooDfliating of anj 
number of Ixuninous points, and therefore it foUows, that whatever object u 
placed in front of the hole H, a perfectly accurate inverted image of it will 
Be formed on the screen G D. 

337 Defect <f the Image thus formed, — The hole H most necesaanly be 
a very small hole, otherwise a distmct image will not be formed on. the sereen. 
This will be evident immediately, from fig. 97, in whidi H is supposed to be 
large. It will be seen in this figure that we rj&d and yellow rays, after passing 
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through the hole, get mixed together, and fall nearly on the same part of the 
screen. The consequence of this will be, that instead of two distinct small 
spots, one red and me other yellow, being seen on the screen, as in fi^. 96, 
there wiU be but one large spot seen, consisting of a confusion of red and 
yellow. Hence it is mimifest that, by enlar^ng the hole H, we make the 
image on the screen indistinct and conmsed. Indeed, however small the hole 
may be, there wiQ always be a certain degree of indistinctness, arising from 
the mixture and confusion of rays coming from points of the object very near 
each other. In fact, a little consideration will show that the rays from two 
points of Hie object^ not farther frcmi each other than a distance equal to the 
diameter of the nolo, will always be mixed together before they readi the 
screen. 

Now, this is a serious defect ; for, when the hole is extremely smalU the 
light that falls on the screen becomes too faint, and can scarcely be seen. 
Hence there is an inevitable fault in this instrument ; the image on the acreen 
is either too faint or too indistinct, and we cannot diminish one imperfection 
without increasing the other. 

328 TJm of a Zens placed in the Hole. — ^Let us now suppose that we en- 
large the hole, and put a lens in it, as is represented in fig. 98, of sufficient 
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power to produce convergence in rays diverging from any point T of the 




from any other point B of the object, through the centre of the lens, to meet 
the screen in W, ike t&jb diverging from £ will be brought to a focus at TL' ; 
and Uie same may be said of G, and of every other point of the object. 

Hence it is evident that an image will be formed on the screen of exactly 
the same size and shape, and as distinct and free from confusion as the image 
in fig. 96, supposing the hole in that figure to be extremely small. But .there 
win oettiis important difference between the two images: the quantity of 
Hght admitted through the lens will be very much greater than that admitted 
t&ough the hole in fig. 96, and therefore, while the image in ^, 98 is per- 
fectly distinct, it will at the same time be bright and clear. 
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The use of a lens is, therefore, most importaiit ; with a good aplanatic and 
achromatic lens, a very perfect image may be formed on the screen, aa we know 
by the beaQtifbl photomj^o pictures which are produced by an ioBtnunent 
or tiie land rej^resented in fig. 98. 

339 This mstroment is called a camera chicura, or " dark chamber ;" we 
introduce it here with a view to the better explanation of the telesoope, and 
its Tftrious uses in astronomy. 





foiUK 

throi 

that tne image, though inverted, must be accurately similar to the object. 

n. QfVUum. 

331 The M^ is a sort qf Camera Obseura. — ^A section of the eye is re- 
presented in fig. 99. It is a round ball consisting of certain transparent fluids 
endosedinan opaque mem- 
brane. In firont tnere is a Fi^.99 
hole H, called ^e pupil, be- 
fore which b a transparent 
fluid, called the aqueous A«- 
numr, enclosed in a delicate 
membrane, the whole being 
kept in and protected by a 
strong homy andtransparent 
substance, E F, called the 
cornea. Behind the hole H is a very clear lens A B, called the ervstaUins lens, 
between which and the back of the eye is another humour, called the wtreous 
kumour. Lastly, C D is a nervous membrane, called the retina, spread out to 
form a screen at the back of the eye : it consists of a network or fine nerves, 
which, uniting at a point called the punctum eceeum, form the optic nerve O, by 
which luminons impressions made on the retina are conveyed to tiie brain. 
The interior surface of the eye is darkened, probably to prevent stray light, 
by a black substance, called thepigmewtum nigrum, 

333 It wiU be easily seen m>m this description that the eye is a sort of 
camera obseura. The pupil H corresponds to the hole in firont of the tube 
in fies. 96, 97, 93 . the retma corresjjonds to the screen C D; and the crystal- 
line lens, assisted by the cornea, which is a sort of lens, serves, like the lens 
in fig. 98, to bring the rays to a focus on the retina or screen. The humours 
in the interior of the eye serve to keep it in its proper globular shape, though 
fiiey are also intended to assist in the optical peitormance of the eye to a 
certain extent. 

In fig. 99 the course of ravs falling on the eye from a luminous point E 
is shown ; a certain portion or these rays are admitted through the pupil or 
hole H, and are then caused to converge to a point B/ of the retina or 
screen. In this way every point of an object placed before the eye has a 
corresponding image on the retina, and therefore an image of the whole object 
^ be formed on the retina, clearly inverted, as in the case of the camera 
ohscnra. The optic nerre conveys tnis image to the brain in some mysterious 
way, and an idea of the external object is thus produced in the mind. 

333 It is, of course, necessary that the image* formed on the retina shoi]dd 
be penectly distinct and free from coniusion, otherwise no clear idea of the 
external object could be conveyed to the mind. The lenses in firont of the 
eye-»namely, the cornea and crystalline lens, must therefore be just of suffi- 



* It is enough that a very small portion of the image should be distinct, (namely, that por- 
tion formed at the point of the retina oalled the foramen centrale.) This appears ftom the 
faet that we can see only one point of an ot^ect disthnctly at a time. 
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dent power to bring the rays to a foeoB on the retina. Thia ia repieaentedin 

334 In fig* 100 is repreaented tiie ease when the lensea of the eye are too 

strong, BO that thej cause 
the rays to conyerge too 
rapidly, and so bring &em to 
a point Br', in front of the 
retina. The consequence of 
this will be, that instead of a 
point on the retina, we shall 
naye a spot of light of some 
size, and this will destroy the 

distinctness of the image ; for the different spots which correspond to neigh- 
bouring points of the object, wiU oyerlap each other, and so be mixed and 
confused with each other, exactly in the manner we haye already explained in 
apeaking of the effect of enlarging the hole in the camera obscura. Art. 327. 

335 When, howeyer, the point R is much nearer to the eje than is re- 
presented in the fifi[ure, the rays which fall on the eye from it will be yery 
diyergent, and it will require more powerful lenses to malce them conyerge; 
therefore, though the lenses were too powerfril before, they may not be so 
now; in fact, they may be only just sufficiently strong to oyercome the 
increased diyergency of the rays, and make them conyerge to a point on the 
retina exactly. Hence it appears that, when the lenses of the eye are too 
powerful, an object which cannot be seen distinctly at some distance, will 
Decome distinctly yisible when it is brought sufficiently near the eye. 

This is the case with short-sighted persons, and therefore sudi persons 
haye too powerful eyes, which is generally eyident by ilie more than usual 
roundness of the cornea. 




336 In fig. 101 is represented the case where the lenses of the eye are 
too weak, so that they do not cause the rays to converge with sufficient 
rapidity, the consequence of which is, that the rays are intercepted by the 
retina before they come to a focus. This will of course produce indistinctness 
of vision, just as in the former case. 

When the lenses are too weak, the object may be made more distinct^ 
visible by removing it to a greater distance from the eye, and so <iiTT>iniRlifTijjr 
the divergence of the rays, which will allow the weak lenses to produce a 
greater degree of convergence, and so bring the point R', towards which the 
rays converge, nearer to the retina. Persons wim weak lenses are therefore 
long-sighted. 

337 Most ^es are adapted for vision of distant objects, the lenses being 
only just powerml enough to bring rays from a distant point to a focus on the 
retma. But the lenses may be m^e more powerfrd by the action of certain 
muscles, which, by compressing the ball of the eye, and so maldng the cornea 
rounder, increase the power of the cornea, and possibly that of the crystalline 
lens also. By the almost involuntary action of these muscles, the eye has a 
power of adapting itself to near objects ; but generaUy this power of adapta- 
tion IS limited to objects not nearer to the eye than six inches, or thereabouta. 
The eye is perfectly incapable of seeing nearer objects without the assistance 
of a microscope. 
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338 It 18 easy to understand, from what has been stated, how the yision 
of Sort-sighted persons is assisted by their looking through a concare lens, 
fat that lens increases the divergence of the rays, and has the same effect as 
if the object were brought nearer to the eye. 

^9 Tn like manner, it is evident how long-sighted persons are benefited 
hy oonvez lenses, which diminish the divergence of the rays, and therefore 
have the same effect as removing the object to a greater distance firom the 

eye. 

940 It is important to observe here, that it follows from what we have 
ezpiamed respecnng the eye, that a near object and a distant object can never 
be seen distinctly at the same time ; for it is plain that if the lenses are of 
the proper power to bring the more diverging rays, which come from a nearer 
object, to a focus on the retina, they will not oe of the proper power to pro- 
duce the same effect on tiie less diverging ra^s which come m>m more distant 
objects. This is a point of some importance in practice. 

We have now said enough respecting light generally, and the formation 
of images, to enable us to proceed to the two special subjects we have to con- 
sider in the present chapter — ^namely, the telescope as a means of ascertaining 
direction, and the microscope as a means of measuring minute distances, 

TTJ. Of the Telescope as a means q^ ascertaining Direction. 

341 Direction how determined hf Sights, — Simple as it may seem at first 
si^ht, it is no easy matter to determme and define the direction in which any 
distant object appears to be. In a rough way, we might point a straight rod 
ftt the object, and say that that rod showed the diredion of the object ; but 
it is not possible to point a rod in this way with any degree of accuracy. 

By putting a pair of sights on the rod, the direction of the object may be 
mnch more accurately ascertained. Fig. 102 represents a rod G 1>» with two 




sights A and B fixed upon it, A bein^ a small hole, and B a larger hole, with 
two cross wires. By looking in sudi a manner through the hole A, and 
patting the rod in such a position that the point of intersection of the wires 
appears to coincide with a distant object S, and at the same time with the 
centre of the hole, it is evident that we ascertain the direction in which S is 
seen, for the line joining the centre of the hole and the point of intersection 
of the cross wires shows that direction. 

342 This method of ascertaining direction is, however, by no means suffi- 
ciently accurate, for several reasons, and among[ the rest for this — ^that the eye 
cannot possibly see the hole at A, the cross wires at B, and the object S, all 
distinctly at the same time. If the attention be fixed on S, it will be seen 
distinctlv, but the cross wires will not, and the hole will appear ^uite indis- 
tinct. In jjractice, the hole at A is often very small, and the eye is put quite 
dose to it, in which case the hole is scarcely seen, and only serves to snow 
the^aee where the eye should be put. 

We shall now show tiiat the camera obscura, above described, affords a 
most simnle and accurate method of determining direction, especially with 
eertain additions, which convert it into a telescope. 

343 Direction how determined by a Camera Obseura^^We shall suppose 
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the camera obscora to oonsist of a tabe, A B D, fig. 103, C D being the 
Bemi-traQ8parent screen on which the image is formed. At the other end 
A B, is the lens, which is of tiie proper power to make the rays which come 
from a distant luminous point S, converge to a foens on the screen O D ; 
but, as we have shown aboye, tiiis lens produces raeoisely the same effect 
on the screen as an extremely small hole H, only the image formed by- the 
lens is not extremely f^t, luce that formed by tne hole. 



As we are only concerned with the size and shape of the inmge, and not 
with its brightness, we shall for simplicity suppose that there is a hole H, 
instead of a lens, at A B, the hole representing, m fact, the centre of the lens. 
On the screen C D there are two fine wires or lines, intersecting each other 
at right angles ; the use of these lines is to make, by their intersection, a 
fixedmark at a particular point of the screen. 

344 The imaginary line drawn from the point of intersection of the two 
cross wires through the point H, is called the line qf collimaUon of the in- 
strument, that is, as we mive explained before, the hue which is pointed or 
aimed at any distant object, and which is the direction in which that object 
is seen. 

34< Now, we can evidently ascertain, with the greatest precision, whe- 
ther me Ime of collimation points to any distant point S, or not ; for we 
have only to look at the image S' of the point S, found on the semi-trans- 
parent screen, and see whether it coincides with the intersection of the cross 
wires or not. If it does, then the line of collimation must point exactly to 
the point S, for, as we have explained above, S' H and S are always in the 
same straight Ime, and therefore, if S' is seen at the point of intersection <^ 
the cross wires, it follows that the point of intersection of the cross wires, the 
point H, and the point S, are in the same right line ; or, in other words, the 
une of collimation points to S. 

346 If S' were a material point, instead of bein^ a mere optical image, 
as it is, it would not be possible to see whether S' comdded exactly, with the 
intersection of the cross wires or not ; for, in point of fact, it is impossible to 
see with accuracy whether two material points coincide or not ; indeed, two 
material points cannot coincide with each oilier. It is altogether different 
when one point is material and the other only an optical image ; in such a 
case actual coincidence is possible, and it is easy to see whether were is actual 
coincidence or not, especially if we use a microscope to magnify the xarofis 
wires, in which case the coincidence of the image S'of tiie distant point S, 
with the intersection of the cross wires, may be seen with wonderful dis- 
tinctness. 

347 Tlie great advantage of the camera obscura, ^, 103, over the two 
sights, fi^.102, for the purpose of ascertaimng the direction of the distant 
pomt S, IS now manifest. In one case the eyelias to look whether two points, 
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that are reaUy at some distanoe from each other, appear to coincide or not, 
wluchitis impossible accurately to determine, because the eye cannot see dis* 
tbotly two objects at different distances from it at the same time. In the 
other case the eye has only to see whether an Optical imag;e formed on a 
sereen actually coincides with a mark on that screen or not, which may be 
^e with the greatest exactness. 

In order, then, to determine accurately the direction in which any distant 
liuninoas point S is seen, we have only to point the instrument represented 
in fig. 103 towards S, and move it carefnllyuntil the image of S, which will 
be seen on the semi-transparent screen CD, coincides exactly with the point 
of intersection of the cross wires. Then the line drawn from that point 
through the point H — ^i. e., the line of collimation, mnst point directly to S. 
In this manner the direction in which S is seen is ascertained. 

348 By using a microscope to mtLgoify the cross wires, this may be done, 
as we have stated, with extraordinary accuracy. When a microscope is attached 
to the instrument for this purpose, the whole compound instrument so formed 
becomes the regular astronomical telescope. We shall now say a few words 
respecting the proper kind of microscope, or eye piece, as it is generally called, 
wbch is thus employed. 

IV. €f the JSye Piece, or Microscope. 

A49 Simple Microscope. — ^By looking through a oonvex lens, placed dose 
to the eye, we may see oojects distinct^ much nearer to the eye than we 
ooold do without such assistance. Now, the nearer an object is, the larger it 
appears, and therefore a convex lens thus used will enable us to see an object 
laiser than it can possibly appear to the naked eye. 

To explain this point the better, let us suppose that the naked eye cannot 
see an object distinctly nearer than six inches, and that the focal lengtli of the 
oonyex lens is one incn ; then, if we place the object at an inch from the eye, 
andlookthrotighthe lens at it, we shaUsee it distinctly; for,aswe haye en^lained 
abore, rays diverging from a point whose distance nom a lens is equal to the 
focal length, emerge from the lens parallel to each other, and therefore are 
brought to a focus on the retina by the action of the lenses of the eye, as has 
been stated above. Hence, the effect of the convex lens is simply to enable 
us to see an object placed at a distance of 
one inch from the eve, which could not be 
seen without the lens nearer than six 
inches. The result of this will be, that 
the object will appear, when seen through 
the lens, six times larger than when seen 
by the naked eye. 

350 This will be seen by comparing 
figs. 104 and 106 ; in the former, B S, the 
ohject, is supposed to be one inch from 
the eye ; in the latter, E S is supposed to 
be six inches from the eye. The miaffe of 
& S on the retina is found by considering that it is produced by the lenses 
of the eye, in the same manner as the image on the screen in the camera 
obaeora by the lens in the hole ; and therefore if we suppose H to be the centre 
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of the lenfleB of the eye, we hare only to draw straight lines from S and B 
through H, to meet the retina at S' and W, and then S' and B' will be the 
points where the rajrs from S and B respectively are brought to a point on 
the retina. This bein^ the ease, it immediately foUowSi that if B d be six 
times fiurther from H m fig. 105 than it is in fig. 104, the size of the image, 
B' S', wiU be six times greater in ^. 104 than it is in fig. 105. 

Now, in Bg, 104, the eye, unassisted, cannot see B b distinctly, because 
the rays diverge too much, and the lenses of the eye will not be powerfiil 
enough to make them converge to the points B' and W on the retina. There- 
fore ue convex lens above spoken of will be necessary to make the vision 
distinct, by helping the lenses of the eve to overcome the great divergency of 
the rays, and make them converge with sufficient rapidily to form an uncon- 
fused miaee on the retina. 

351 A very simple way of showing the truth of this account of the manner 
in wmch a lens placed close to the eye magnifies, is to look at the object B S, 
fig. 104, through a pin hole in a card, instead of through a convex lens. The 
hole, like the lens, will evidently diminish the divergence of tiie rays, and 
therefore assist the lenses of the eye. Of course the hole ^eativ weakens 
the brightness of the image, because it cuts off a great portion or the ra^rs, 
or rather, tdlows only a small portion of them to enter the eye ; but still 
it makes the object distinctly visible, and, as we have explained, magnifies it 
by enabling the eye to see it so much nearer than it oonld do without the 
hole. 

353 To try this experiment, it is only necessary to look at small print 
through the hole in the card, placed very close to the eye ; it will be found 
that we may, by so doing, bring the print within a few inches of the eye, and 
stiU see it mstinctiy, though it will not appear strongly marked, on account 
of the small quantity of light allowed to pass by the hole. The card should 
then be removed, keeping the eye still at the same distance from the print, 
and it will be perceived immediately how much the hole assisted in making 
the vision distinct ; for the moment the card is removed, the print will be- 
come utterly confused and indistinct* so that one letter cannot be distinguished 
from another. 

3^3 A convex lens used in this manner, that is, put dose to the eye, is 
called a simple nUcroseope, It is important to remember that a lens thus used 
magnifies simply by enabling the eye to get nearer to the object than it could 
do naturally, and this it does by helping the lenses of the eye to overooine the 
increased divergence of the rays. 

354 Vision through a Lens notphieed close to the ^e.— -There is a very 
important difference in the action of 9, lens not placed close to the eye, from that 
we have just explained, as we shall now show. 
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Fig. 106 represents a short tube A B C D, at one end of which is a lens 
A B, and at the other a hole H X, not much larger than the pupil of the eye: 
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it is called the e^ hole, the eye being always placed dose behind it, as is re- 
presented in the %are. B S is any object placed before the lens at a distance 
equal to the focal length. The use of the tabe A B C D, and the hole H K, 
is to keep the eye always at a certain distance from the lens. 

The oonrse of the rays which enter the eye from the two points E and S is 
shown in the figure. The rays from B falling on the lens will emerge paralld 
to each other, or nearly so, because the disttuice of the object from the lens is 
eqnal to the focal len^h ; but the ray B T, through the centre of the lens, 
thU suffer no deviation ; therefore the oilier rays, after emerging from the 
lens, will be parallel to B T, and those which are allowed to pass through 
the hole will enter l^e eye. To find the rays which pass through the hole, 
we hare only to draw lines towards the lens from H and £ parallel to T B, 
and all the rays between these two lines will ^et through the hole. Hence the 
rays drawn in the fi^iLre, and those only, will get tlurough the hole to the 
eye ; all the rest will be stopped by the tube. The course of the rays from S 
is exactly similar to that of the rays from B. 

355 Now this being the case, it is evident that the lens A B discharges 
a two-fold office. 

lit. It diminishes the divergence of the rays, and so assists the lenses of the 
eye to Inake them converge to points on the retina. It therefore so far acts in 
me same manner as the simple microscope. 

2ndly. It magnifies the object, not merely by enabling the eye to set 
closer to it, btit uso by bending all the rays m the manner shown in me 
fipre. TioB is a point of considerable importance, as will appear more 
^arlywhen we come to speak of tiie telescope ; for in the telescope the rays, 
without the action of a lens thus disposed, would enter the eye almost perpen- 
dicnlarly, and the image would appear very small, or rather, very little of it 
wonld be seen. 

356 The degree in which this instrument magnifies the object B S will 
appear better by comparing the vision through it with vision by the naked 
eye. In fig. 107, B S is supposed to be viewed by the naked eye ; the point 




in this figure, and in fig. 106, representing the centre of the lenses of the 
eye ;. the dotted lines B' O and S' O are the central rays which enter the e^e 
from E and S produced backwards ; the distance of B' 8' from the eye in 
%. 106, is supposed to be about one foot, and B S, in ^g. 107, is also sup- 
posed to be about one foot from the eye. We say a foot, because at that 
oistance the eye may see an object distinctly without any exertion ; in fact, 
in reading small print, a person with good eyes would naturallv hold his book 
at that distance, or thereabouts, from the eye. The eye coula see an object 
at six indues, but not without fatigue. 

Now, in fig. 106, if we supposed the instrument removed, the points B' and 
S' would evidentlv be seen by the eye in the same directions as the points B and 
S {mpear to be when seen l£rough the instrument ; in other word!s, the object 
B S appears, when seen through the instrument, to be of the same size as 
the object B' S' seen by the nuced eye. As far, then, as apparent size is con- 
cerned, we ms^ substitute the object B' S' seen by the naked eye, in place 
of the object K S seen through the instrument. 

Then, since B' S', fig. 106, and B S, &s, 107, are at the same distance 
from 0, and since the images of these two objects on the retina are found by 
drawing straight lines from them through O to meet the retina, it is manifest 
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fig. 106 will be ten times larger than tliat in fig. 107 ; if B'^S' be twenty 
K S, the former ima^e will be twenty times the latter, and so on. 

357 Hence the degree in which this instrument magnifies is obvious ; at 
the same time we must observe, that the above explanation is to be received 
merely as a general account of the nature of the magnifying power of the instru- 
ment ; for me eye in judging of magnitude is greatlv influenced hj a variety 
of circumstances which we have not time to speak or here. This instroment 
IS the astronomical eye^piece in its simplest form. 




3^8 The Compound JE^e-Pfcce.— This is shown in fig. 108. It consists of 
two lenses instead of one, but in other respects it is exactly the same as the 
simple eye-piece just explained. It is, however, a much more P^®®t instru- 
ment, and its optical efiect, when well made, is almost faultless. The firont lens 
A B is called the Jteld-olius, because it enables us to see a greater extent of 
the object E S distinctly, than we could possibly do with the single lens, 
fig. 106. The extent of the object visible through the instrument is com- 
monly called the Jleld qfview, and hence tJie name Tfe^glass. The lens C D 
bein^ next the eye, is called the et/e-glass. The light coining from the object 
B S IS bent bv each of the lenses, as shown in the figure, and enters the eye 
as if it came from a larger object E' S'. All that we nave just said respecting 
^, 106 applies, therefore, eaually weU in this case. 

359 Mow the Compound Eye-Piece is made Ackromaiic, — One great 
defect of the single lens, fijg. 106, is, that it is not achromatic ; in consequence 
of the different refrangibility of the different colours, the im^e seen by the 
eye is imperfect and oonftised, the violet bein^ more magnifiedthan the red, 
and the mtermediate colours in an intermediate degree. In the compound 
eye-piece this defect is remedied in the following maimer :<-«• 

Jn fig. 109, A B and C G are the two lenses, and E D is any ray from the 
object incident on the field-glass at D. This ray is of course separated into 
its component colours by the dispersion which inevitably accompanies refrac- 
tion (except the lens be compound). The violet ray wul be more bent than 
the red, so that the former will &11 below the latter, as is shown in the figure, 
where D E represents the red ray and D E' the violet. 

But the consequence of this will be, that the violet ray will fall on the 
second lens nearer the central part than the red ray, and therefore so far 
the second lens will produce a less effect on the violet than (m the red ray ; 
for the nearer to the central part a ray is incident on a lens, the less is it 
bent by the lens. Hence, if the two lenses be at a sufficient distance from 
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each other, tJie fact that the violet is more refracted than the red by tlie first 
lens, and less by the second, maj lead to a mutual correction between the two 
lenses-^i. e., the under refraction of the second may just correct the over 
refraction of the first. This, it may be shown, will take place when the dis- 
tance between the two lenses is half the sum of their focal lengths. When 
the lenses are so placed, it is found that the red and violet, and the other 
colonrs, emerge from the second lens parallel to each other, and are all caused 
to converge to the same noint of the retina by the action of tbe lenses of the 
eye ; for the lenses of the eye are so far acnromatic that they always cause 
parallel rays, whether of di£&rent colours or not, to converge to tne same 
point on the retina. 
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360 This eye-piece was the invention of Huygens, but the nrinciple 
upon whidi it acts was pointed out by Boscovich. In astronomical instru- 
ments this eye-piece cannot be used in its perfection on account of its being 
necessary to nave the object B. S too close to the field-glass, wbereby every 
spot and flaw in that glass is made visible, and spoils the clearness of tne field 
of ?iew. To remedy this defect, Bamsden placed the lenses a little closer to 
each other, and so was enabled to keep the object B S at a creator distance 
from the field-glass. The lenses are each of tne same focal length in Bams- 
den's eye-piece ; they are also plano-convex — ^i. e., convex with one side plane, 
the convex suifaoes being turned towards each other, as is shown in the 
figure. 

361 The compound eye-piece has many other advantages oyer the simple 
one represented in fig. 106, chiefly arising from the refraction in the former 
being divided, as it were, between two lenses, instead of being entirely 
effected by one j but we have not space to say more on the subject. 

V Of the Astronomical Telescope, 

36a It will now require but a few words to explain the construction of 
the astronomical telescope; it is, in fact, nothing more than the camera 
obscura represented in &g, 103, with the addition of Bamsden's eye-piece, to 
enable Uie eye to see more accurately whether the image of a distant lumi- 
nous point, formed on the semi-transparent screen, coincides with the centre 
of the cross wires or not. Furthermore, the screen is either removed or made 
transparent, as its semi-transparency is of no use where an eye-piece is used to 
view the image and the cross wires, and only has the efiect of (uminishing the 
brightness of the image. It would be absolutely necessary to retain the 
semi-transparent screen, if a simple microscope were used instead of an eye- 
piece, for without the semi-transparent screen the rays that would get into 
the eye through a lens placed close to it would be only fliose which come from 
the central part of a distant object, so that the field of view would be ex- 
tremely limited. But with an eye-piece, if the eye-hole is placed in the 
proper position, the rays from a comparatively great extent of a distant object 
we brought to the eye. 

h2 
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363 Eiff . 110 represents the astronomical telescope. A E F B is the tiibtf, 
and D is xke screen, which in the camera obscnra aboye described was semi- 
transparent, but is now supposed to be perfectly transparent; it may be a 
piece of plate ^lass with two fine cross Imes drawn upon it, or it may be 
simply a round nole in a piece of brass fixed inside the tube, with two ex- 
tremely thin wires drawn tight across it. At A B is the lens which produces 
the image of any distant object at which the telescope is pointed, which image 
must be formed exactly at the transparent screen or hole C D, where the 
cross lines or wires are placed. This lens is called the Object Glass, and is, of 
course, achromatic and aplanatic, so as to form a perfecUy distinct and well- 
defined image of the object. 





X is the point of intersection of the cross lines or cross wires, which are 
supposed to be so fine and delicate that the point X is defined by them in 
the most perfect manner possible. 

Two intersecting lines are found to form the best kind of mark for defining 
a particular point in the interior of an instrument * these lines are generaOy 
at right angles to each other, but tiiey are sometimes made to mtersect 
obliquely. 

Y is the centre of the object glass corresponding to the hole H in fig. 103, 
and the imaginary straight Ime X Y Z, drawn from X through Y, is t£e line 
of collimation, which we haye spoken of before. This line is the great and 
principal thing to be attended to in the instrument. The instrument itself is 
nothing but a contriyance for pointing this line yery accurately towards any 
particmar star or distant luminous point. When the line of collimation 
points towards any star, an image of that star is seen to coincide exactly with 
X, the centre, or point of intersection, of l^e cross wires, and this is the 
test whereby we know whether the line of collimation points in the proper 
direction or not. 

G M X L is the eye-piece (Eamsden*s) already described, the tise of 
which is simply to magnify the image of the star and the cross wires, and so 
enable the eye to judge the better whether that image is exactly at the point 
X or not. This eye-piece is capable of sliding in a tube attached to the large 
tube, as shown in the figure, for the purpose of accurate adjustment, and wr 
adapting the vision to eyes of difierent powers. 

364 It is important to observe that there is no connexion whatever 
between the line of collimation and the eye-piece ; the eye-piece may aot be 
placed quite straight, or it may distort the image and the wires, which it 
alwajrs does to a certain extent ; but if it shows the image of the star distinctly 
coincident with the centre of the cross wires, we may be sure that the line of 
collimation {K)ints exactly to the star. 

36^ It is also necessary to remark that the cross wires need not be 
placed exactly in tiie middle of the tube, they may be moved a little to one 
side or the other if necessary ; though it is oetter that their intersection X 
should be as nearly as possible opposite to the centre of the object glass Y, 
in order that the Ime of collimation may be perpendicular to the object-glass, 
or yery nearly so. 

360 A(h'ustnient a/nd Movement of the Cross TFir^*.— The piece of plate 
glass on which the cross lines are drawn (or, what is the same thing, the 
piece of brass with a circular hole, across which the cross wires are fixed) is 
generally made capable of movement backwards and forwards across the 
instrument, in the following manner :— * 
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f plate glaaat hariog tlie crosB 



C Q D P, fig. HI. repiwentfl tko piece o 
lines CD PQ traced npon it. p,^ ,„ 

It ig fixed in a flat piece of 
braas H 0, with a cireiilar hole 
CQDP. If there is no piece 
of glass, the lines C D and P Q 

tie wnjilj wiicB fixed tightly U 

KTost this hole. The piece 
5 aEdeB in a frame of brasa 
S T. A Bcrew TJ, and a spring 

W, act upon the piece NO, .,,.,,., 

m the manner ehown in the figure, BO that by turning the head of the screir 
U, the piece N O is canaed to slide in the frame S T towards 8. and by tJie 

rsite motion of the screw the spring Wact«iipon N 0, and makes it sHde 
opposite way. Sometimes, howerer, instead of the spring W there is 
Motier screw, the coonterpart of U, and by means of the two screws the 
piece N is moved at pleaanie, and kept fixed if necessaiy. The two acrews 
tie used instead of the screw and spring, where it is not necessary to move the 
piece N O, except occasionally by way of adjnstment. 

The irame S T pierces the tube of the telescope, and is fixed across it 
ne&T the eye end, m the ^ 

m&nner shown in fig. 113, ^'K'^ 

whsre A B K L is the tele- * 
Bwpe, A B the object bIbbb, i 
K L the eye-piece, S T the B 
frame shown in fig. Ill, and ' 

TJ the screw, by which the B s 

piece N (fig. Ill) is moved. 

In this manner we may, by tnming the screw U one way or the other, 
move the cross wires backwaros or forwards across the tube of the tdesoope, 
mi so adjust the point of intersection of the wires in its proper position, as 
will be expluned presently. 

VI. X%e Micitmieter. 

367 Where it is required to measure the image formed by the object 
|rlsse, the thread of the screw U is formed 
with great accuracy, and the motion of N O 
a made as steady and even ae possible. 
The head of the screw is also gradiiBt«d, 
as shown in fig. 113, where T Q E S is a 
portion of the frame, H K the screw, work- 
ing through the end T Q of the frame 1 
n A B C is the head of the screw, consisting 
of twoparts — namely, a milled or grooved 
cirele U, which the fingers lay hold of in 
Mder to turn the screw, and a graduated 
cirele ABC, the graduations bemg shown 
in the figure on the rim of this circle. D is 
the index, which is fixed to the end of the 
feme T Q, and which just touches the 
graduated circle, without, however, imped- 
ing its motion. The screw in this cose does 
not work exactly in the same manner as that shown in fig. Ill i for it ii 
neecBsary, evidently, that it should move the piece N O after the manner of 
in endless screw—fliat is, the female screw is not in the frame as in fig. Ill, 



Fig. 113 




hut 



K itself does not move in and out 
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This IB shown in 6g. 114, which represents a section of the micrometer; 
where A B C U is the heaxl of the sore ir, E S Q T the frame in which tlte piece 
N O mores i the end of tha screw piercing t^e piece NO. D is the index, 
which is attadied to the end of the uame T Q. 



36S a, a, a, a, &c. represent a set of brass points equidistant from eadi 
other, projecting; fromtheuppereideSTof theirBme. Tliese points are Been 
in tlie field of view, along with the cross-wires : the use of them is to help in 
counting the nnmber of tnma we giye to the screw in any case. When the 
screw is turned roond, the Tertical cross-wire passes each ofthese points in auo- 
oession, and thej are placed at ancb distances, that one torn of the screwmakei 
the vertical cross-wire move from one point to the next. It b not neoesaary 
that these points should be placed with great exactness, as they only serve to 
count the number of turns given to the screw. 

369 An example will beat show the use of tbis micrometer. We shall 

FiaiU suppose that A B and C (fig. 115) are three stars, or 

*" rather, tmaees of stars, seen on tbe horizontal cross- 

wire, and that we wish to meaanre their relative dis- 
tances from each other. We shall also suppose that 
_ there are 100 gradnations on the head of t£e screw, 
which are numbered 0, 1, 2, 3, 4, &c. in order. By 
means of these eraduBtioDS, we can tell bow much 
we turn the head -of the screw ; for every graduation 
that passes the index D, as we turn the screw, cor- 
responds to the hundredth part of a complete revolution. 

Suppose now, that we turn tbe screw until the vertical wire is brongbt to 
meet tbe star A, and that the graduation seen at the index D is ten. Let us 
then turn the screw until the vertical wire comes to the star B, and suppose 
that as we do tbis tbe vertical wire nasses across four of tbe points a, a, a, a, 
and that tbe graduation seen at I>, when tbe wire oomea to B, is thirty- 
five. Then it follows, the motion of the wire from A to B corresponds to four 
complete turns of the screw, and twenty-five gradnations, or twenty-five 
hundredth parts of a complete turn. 

In like manner, let us move tbe wire from B to C, watching the points and 
loolnng at the graduations at D, when the wire comes to C ; and suppose that 
the number of points the wire passes across is two, and tbe graduatjons forty. 
Then tbe motion of tbe wire from B to C corresponds to two complete turns 
of the screw, and five graduations. 

Hence it follows, that tbe distance A B is to tbe distance B C as four 
units and twenty-five hundredth parts of unity to two units and five hundredth 
parts— that is, ABistoBOas 4-25 to 2'05. 

370 From tbis example the use of the micrometer is mauifesti The above 
is but a rude representation of tbe simplest kind of micrometor ; there are 
many details and niceties in the construction, which we could not give 
without entering into tbe subject more at length. There are several other 
kinds of micrometers, nearly all, however, depending on the principles above 
explained, and consisting of various contrivances for measuring tbe image 
seen in the focus of a telescope, by means of the motion of a graduated screw. 
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Vll. The Diagonal Eye^piece* 

371 Before we leave the telescope, we must inention tlie diagonal eye- 
niece, which is indispensable in small instnunents. It is often necessary to 
look through a telescope at stars near the zenith, and this reqnires the head 
of the observer to be placed in a very inconvenient position, 
except the instrument be so large that a reclining chair 
may oe placed under it, upon the back of which me ob- 
server may lay his head, and look directly upwards with- 
out fatigue. In a small instrument it is mipossible to do 
tluB, and Hierefore the following kind of eye-piece, called 
diagonal from its shape, is used. 

ABC D, fi^. 116, represents the tube of the telescope 
pointed upwards, and F the field-glass ; between the field- 
glass and eye-glass is placed a plane mirror H £, diago- 
nally, so as to reflect the light which comes down the tm>e 
in a horizontal direction towards the eye ; then the eye- 
glass E receives this li^t, and transmits it through the 
eye-hole to the eye. The only difference between this 
and the common eve-piece is, that the mirror is inter- 
posed between the neld-glass and eye-glass, so as to make 
the light emerge at right angles to me tube, which arrange- 
ment requires the eye-fflass to be placed, not at the end, 
bnt at the side of the tube, as is shown in the figure. The 
ray of light FF which comes down the centre of the tube, 
is reflected by the mirror in a horizontal direction, and 
enters the eje as if it came from the point Q. It is evi- 
dent that, smce the eye-piece is only a contrivance for 
better ascertaining whether the image of a star coincides 
with the centre of the cross-wires or not, this change in 
the form of the eye-piece does not, in 
any way, alter the nature of the in- g 
stnnnent, but simply enables the eye "^ 
to look at the wires and image hori- 
zontally intead of vertically. 

372 Olie diagonal eye-piece is made capable of sliding on or off the instru- 
ment at pleasure, so that it may be used whenever occasion requires it. 
(iood telescopes have generally several eye-pieces, or vowers, as they are 
caued by opticians, of different magnifying power, which may be employed 
according to the nature of the observations, and the state of the atmosphere. 

Vin. Of the AstroTumical or Beading Microscope. 

373 W© Jiced say but little here respecting the miscroscope, as we have 
afready stated what the simple microscope is, and the compound miscroscope 
M precisely the same instrument as the telescope ; being, in fact, a tele- 
8^pe, if we may so use the word, employed to view near instead of distant 
objects. Dr. (Storing has proposed to call the compound microscope by the 

Fig. 117 





name engtecope, which well expresses its nature, as compared with the 
Uleseope ; the former word signifying that which views near, and the latter 
distant, objects. 

374 Tiie compound microscope is shown in Ag. 117, with the course of the 
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rays, which come from a near luminous point P, through the instrument. 
The tube A B C D, tapers towards the object end A B, because the object 
glass, being of high power, is necessarily small. The object glass is of msh 
power, in order that it may be able to overcome the great divergency of iSe 
rays coming firom an object so near as P, and make them converse to a focus 
at C D, which, as in the case of the telescope, is supposed to be a piece of 
plate glass with cross lines drawn upon it, or simply a hole in a brass plate 
with cross wires stretched across it. The eye-piece consists of a field-glass, 
eye-glass, and eye-hole, and is, in fact, precisely the same that has been 
described in the case of the telescope. In microscopes which are used simply 
for magnifying, but not measuring, a different eye-piece is used— *namelyi 
Huygen's e^e-piece, above alluded to. 

37.< TIus mstrument, though precisely the same in principle as the tele- 
.cope, differs from it in one important particukr-namely. that in the miscro. 
scope, the image formed at C D is always much larger than the object, 
whereas, in the telescope, it is much smaller. We may show this very easily 
as follows : — 

Let A B C D, fig. 118, represent the telescope, at least the telescope without 
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the eye-piece, which we do not now require to consider ; C D the screen, Y 
the centre of the object glass, and £> S a distant object, but which, for want of 
room on the paper, must necessarily be drawn near. Then W 8', the image 
of E S, formed at C D, is found b^ drawing straight lines firom B and S 
through Y, to meet CD at the points E' and S' ; from which it is evident 
that H/ S' bears the same ratio to !u S that the length of the tube does to the 
distance of R S firom Y ; for instance, if the length of the tube be three feet, 
and R S be 3000 feet firom Y, it is evident that E^S' will be 1000 times smaller 
than E S. 

Now, in the telescone E S is always a distant object, and therefore the 
image E' S' formed by tne object glass is always considerably smaller than 
the object E S. 

In the microscope this is reversed, as is evident immediately firom fig. 119 ; 




where the image E' S' is found as before, by drawing straight lines from E 
and S through Y, the centre of the object glass A B, to meet C D at E' and 
S'. Now, here E S is very close to Y — in some of the good instruments lately 
made, the distance may not be more that ^th of an inch* — but suppose we 
call it an inch, and assume the length of the tube to be six inches ; then it is 
clear that E' S' will be six times greater than E S. 

376 In both the telescope and microscope, the eye-piece magnifies in the 
manner we have explained; hence, in tibe telescope, the eye-piece alone 

* In this case the object glass is a Mpfe achromcOic, consisting of six lens altogether, united 
in pairs. 
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magnifieSi but in the microscope both the object glass and the eye-piece 
magnify. 

377 From what has been just explained, it is clear that, aeteri* paribus, 
the xnagnitade of the image W S' in ooth instruments is proportional to tihe 
length of the tube; the longer the tube, therefore, the greater the magnifying 
power of the instrament. 

378 In the microscope, the size of the image is evidently inereased by 
bringing the object E S nearer to the object glass : to do this, the power of 
the object glass must be increased, for it must be sufficient to overcome the 
divergence of the rays, and make them converge to a focus at C D. Now, 
when the object is placed at a distance from the object glass equal to its focal 
length, the power of the glass is then just sufficient to overcome the divergence 
of tne rays, and cause l£em to emerge from the lens parallel to each other: 
hence, to make the rays converge to a focus at C D, either the object glass 
mnst be made a little more powerful, or the object must be moved a ntUe 
farther from the lens, in order to diminish the divergence of the rays a little. 

It appears, then, that the distance at which the object must be placed from 
the object glass of a microscope is a little greater than the focal length of 
that glass. 

379 Great improvements have of late been made in the manufacture of 
object glasses for microscopes, which are now ground, polished, and centred 
in their proner positions, with perfectly wonderful accuracy. Object fflasses 
are now made of a focal length of -^th of an inch, which are capable of over- 
coming a divergence of 120° in the incident rays, and bringing them to an 
accurate focus at D. 

380 The Reading Microscope, — The astronomical or reading microscope, 
which is used for readmg and subdividing the graduations in large instruments, 
is a compound microscope, with a micrometer sudi as that we have above 
describea. Each graduation of the instrument is generally about 5' ; five 
conmlete turns of the screw move the wire of the micrometer from one 
gradfnation to the next, and the graduated head of Hie screw is divided into 
*-flnppoBe sixty epraduations. In this manner each graduation of the screw 
corresponds to 1 . 

381 As the reading microscope is a very important part of several useful 
instruments, we must explain the manner in which it is used. In fig. 120, 
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PQR S T represents a graduated circle capable of moving about its centre O. 
The graduations are supposed to be engraven on the nm of this circle, as 
shown in the figure, and they are viewed by a fixed microscope A C. The 
whole rim P Q E S T is divided into 360 equal parts, and each part sub- 
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divided into twelve equal part*, w tlutt each of theM rabdiTinona ii tiu 

twelfth put of a degree, or S'. llie microacope ia fVimished with a micrometo^ 

. and graduated serew, •■ above deacribed, Uie sraduated liead of the screw 

being divided into 60, or 120, or 240, or 300 eqnaTparta— «y 60, fot simplici^. 

,^,„ _ Fig, 121 ahowa the field of view 

of the mioroaoc^e— t. e., ythtt the 

eye seea on looking llirondi it. mh 

i> aportionof therimFQBST 

(^ the inatniment seen in the mi* - 

croBcope, and, of course, greatly 

nugniSed; a and h are two oon< 

secutive graduatione of the rim, so 

a >— » that the space a i is the image of 

6' of the nm formed ia the focus 

of the microscope , C D is a Sied 

wire, parallel to the graduations a 

and b, and firmly fixed in the focus ; 

ef is another parallel wire— via., 

that which is moved by taming 

the screw of the micrometer, as 

above explained. Points are seen 

on the field of view, to help in ooonting the number of (»mplete turns of the 

screw, as we have described before. 

The fixed wire e d serves as a mark, and the moveable wire ef servea to 
meaaore the space between this mark and the next graduatioQ a or b. Five 
o(nnplete turns of the screw move effrom a tab, that is, over a space of G'; 
therefore, one turn moves e/over a space of 1', and the sixtieth part of a turn 
moves it over a space of 1". 

Suppose now that the circle F Q B S T ig turned round, and we wish to 
find out through how many degrees, minutes, and seconds we have turned it. 
Let the hinder graduation a, seen in the microsoope before moving the rim, bo 
20° IC, and therefore the graduation b, 20° 15', and suppose that it requires two 
tana and four sixtieth parts of a turn of the micrometer screw to make the 
wire e/movefroma to ed; then it b evident that if the rim were divided ao 
minutely as to show seconds, the graduation opposite the mark c d would be 
20° 12' 4"; for o ia 20° Iff and it is 2' 4." farther to c A as shown by the 
micrometer screw. AAer the rim has been moved, suppose that the hmdor 
graduation a seen in the microscope is 43° 35', and that it takes three tnros 
and twenty-four sixtieth parts of a turn of the Bi»ew to move efbonx a to 
c d; then the graduatiou of the rim opposite the mark ed'a 43° 38' 24/'. a 
being 43° 35', and c d being 3' 24" farther on. 

Since, then, the graduation opposite the mark is 20° 13' 4" before, and 
43° 38' 24" after turning the rim, it follows that the difference— namely, 
23° 26' 20" — is the nnmoer of degrees, minutes, and seconds through whioi 
we have turned the rim. 

383 Thus the use of the reading microscope is obvious ; for though the 
rim is only divided to 6', we can read off and observe as accurately as if it 
were divided to seconds, ^aw, to divide the rim of a large instrument accu- 
rately to 5' — that is, into twelve times 360 exactly equtu parts — is no eaa^ 
matter, and costs a large sum of money ; it is easy, then, to conceive what it 
would be to divide it to seconds — thiat is, into 60 x 60 X 360 equal parts— 
if the engraving of such a number of lines so close together were posuble. 
Hence the importance of the reading microscope is obvious. 



THE VERNIEB. 



107 



IX. Of the Vernier, 

383 We must liere briefljr describe a very nsefnl contrivance called the 
Vernier, from the name of the inyentor, which takes the place of the reading 
microscope in smaller instroments, being much less expensive. 

Let r Q, fig. 122, be a portion of the rim of a graduated circle, similar to 

Fig. 122 




that we have just described, which we shall suppose to be divided into 360 
equal parts, each part being therefore 1^. In me figure these graduationa 
are shown from 2(r to 27°. C D represents the Yermer, which, in this case, 
is supposed to be fixed : it consists of a short graduated jpieoe of brass or 
other substance, the graduation extending from ftoa, and m the present in- 
stance we shall suppose them to be six in number ; the ^aduated edge of the 
Vernier lies as ctose a« possible to that of the rim, without preventing the 
motion of the rim round its centre. 

a' is the mark corresponding to the fixed wire c d in, the reading micro- 
scope, (fig. 121.) Our object is to find what graduation of the rim is exactly 
opposite this mark. 

Now, if the graduation a of the rim were exactly opposite a', we should 
have no difficulty in doing this, for it is manifest that the arrow would then 
point at 23°; but this is not the case ; a is a little behind a', and before we 
can tell at what graduation a! points, we must find what fraction of a degree 
it is from a to a'. 

To do this, suppose that the six graduations of the Vernier, from/ to a, 
are exactly equal to Gve graduations m the rim, so that, if/* were opposite 2(r, 
€r would be opposite 25°. Furthermore, suppose that the graduation b of the 
Vernier is just opposite 25, then six graduations of the Vernier are equal to 
5°, and therefore one graduation is the sixth part of 6° — ^i. e., SC— conse- 
auently from a' to 5 is twice 50^ or IW ; but from a to 5 is twice 6(y or 120' ; 
' therefore, from a to a' is the difference between 120^ and 100'— that is, 20', 
It appears, therefore, that the mark a' points to 23° 20'. 

Hence the principle of the Vernier is obvious ; it enables us to find at 
what graduation of the rim the mark a! points, though none of those engraven 
on the rim may be exactly opposite a'. 

384 Generally, to find now far it is from a to a' we have the following 
rule : — Look for mat graduation of the Vernier which is exactly opposite a 
^aduation of the rim ; count on the Vernier what number of graduations it 
18 from that graduation to a'; multiply 10' by that number, and then the 
result is the number of minutes from a to a'. 10' in this case is the difference 
between a graduation of the Vernier and a graduation of the rim, one bein^ 
50', the other 60'. In every case the distance from a to a' is found by multi- 
plying this difference, whatever it may be, by the number of graduations 
from a' to b, 

385 If the Vernier consist of thirty graduations, and these thirty gradu- 
ations are equal to twenty-nine graduations of the rim ; and further, if the 
whole rim be divided into twice 3^ equal parts, so that each division is half 
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a degree or Zff, then each diyision of the Vernier will be the thirtieth part of 
twenty-nine half degrees, or, what is the same thing, each division of the 
Yemier will be 29', In this case, suppose that the ^^nation b of the Ver- 
nier, which is exactly opposite a graduation of the rim, is ten graduations from 
the mark a'; then from a to d wul be 10 times 30', or SOO', and from of to b 
will be 10 times 29', or 290'; and therefore from a to a' will be the difference^ 
that is, lO'. In like manner, if the graduation b of the Vernier be twenty 
graduations from a', the distances from a to 5 and from a' to 5 will be 
respectively 20 times 30', and 20 times 29'; and therefore the distance from a 
to a' will be dearly 20'. And, in general, the distance from a to a' will alwavs 
be as many minutes as there are graduations from a' to that graduation of the 
Vernier wnich is opposite one of the rim. 

386 If there be no graduation of the Vernier exactly opposite one of the 
rim, we must in place of it look for that graduation which is mogt nearly 
opposite one of the rim. In this case we sh^ be subject to a small error, 
not, however, exceeding 30" in the case just described. 

387 The graduations of the Vermer are always numbered, beginning 
from a, as is shown in fig. 123. There should always be a lens or simple 




microscope attached in some convenient way to the Vernier, in order to mag- 
nify Ihe j;raduations, and make it more easy to see what graduation of the 
Vernier is exactly opposite one of the rim, or most nearly so. 

388 The Vernier shown in ^, 123 is one very frequently used ; the rim 
being divided into half degrees, and the Vernier into thirty equal parts, which 
are together equal to twenty-nine half degrees ; and the graduations of the 
Vernier are numbered, begmning from a'. In this case we nave the following 
simple rule for reading off: — 

Look for the graduation of the rim (a) which is just behind the mark a' of 
the Vernier ; look also for the graduation {b) of the Vernier which is exactly, 
or most nearly, opposite one ofihe rim ; then the number of minutes from a 
to a' is the number on the Vernier opposite b, and Ihe mark a' therefore 

Soints to that graduation of the rim which is the number of degrees, or 
egrees and a half, shown on the rim at a, together with the number of 
minutes shown on the Vernier at b. In this manner, therefore, we read off 
very quickly the ^aduation the mark a' points at. 

In fig. 123, a is supposed to be at 2P on the rim, and ( is at 12 on the 
Vernier ; therefore a! pouits at 21° 12'. If a were at 26J° on the rim, and 
h at 16 on the Vernier, the reading would be 26i° -f- 16', or 26° 46'.* 

380 We have now sufficiently explained, for our present purpose, those 
optical principles which are most essential to be known in astronomy ; we 
have also described the two great instruments, the telescope and microscope, 
by which the eye is enabled to judge so accurately of direction, and measure 
such small suboivisions of space. We shall now proceed to Ihe Transit Tele- 
scope or Instrument. 

* The graduations in figs. 122 aiid 123 have not been made exactly equal to each other by 
(he engraTer, but the error does not affect the explanation. 
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CHAPTER Vn. 

THE TRANSIT INSTRUMENT. 

I. Description of the Transit Instrument, 

THE Transit Instnunent consists of a telescope such as we liare jnst de- 
scribed, mounted in such a way that the line of coUimation may moye 
freely in a vertical plane, which plane is generally the plane of the meridian, 
but sometimes the prime vertical plane, or some other vertical plane suitable 
to the observer's purpose. 

The transit instrument may be said to be the most perfect, simple, and 
TiseM of all astronomical instruments : it is capable of the following important 
apphcations :— - 

1st. To determine the position of the meridian plane, and therefore the 

true points of the compass, at any place. 
Snd. To determine the correct tune at any place, and so to serve as a 

regulator of clocks and chronometers. 
8id. To determine the right ascension of any heavenly body. 
4ih. To determine the longitude of any place. 
5th. To determine the latitude of any place. 

When applied to any of the four former uses, the instrument is set in the 
meridiaa plane ; but for the latter use it is set in the prime vertical generally. 
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Fig. 124 
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391 The PvDots. — The transit instrument consists of a telescope ABC, 
%. 124, attached firmly to a perpendicular axis P Q, which is made of a 
conical shape on each side, in order to combine strength and lightness. The 
extremities P and Q of this axis are cyhndncal, of the same size, and having 
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Fig. 125 



the same imaginary axis FGK— that is, the imaginary line F G runs exactly 
through the middle of each cr^linder P and Q, and the cylindrical surface of 
each nins exactly parallel to $" G. 

P and Q are called the Pivots of the transit instrument, and the imaginary 
line F G is called the Axis qfthe PwoUt or, what is the same thing, the Ami 
of ike JVamit, It is of the utmost importance that these pirots should be 
correctly made, as the goodness of the instrument depends mainly upon tiiem. 
Three uiings are necessary to the perfection of the pivots — viz., 

1. They must be truly cylindrical. 

2. They must have the same imaginary axis. 
8. They must be equal in diameter. 

Hence it is obTious, that not only must great pains be taken by the 
workmen in turning these piyots so as to secure the aboye requisites, but the 
observer must take care when he uses the instrument to keep the pivots dean, 
and to preserve them firom beinjg indented in the least degree by any blow or 
rough handling. This caution is given, because it is necessary frequently to 
lift the pivots off their bearings, and put them down again. 

392 Becmnffs of the Ptt^ofo.— The pivots do not turn in circular holes, as 
mifht at first be supposed, because circular bearing are not 
sumcienUy steady, inasmuch as the circular hole in wmch a pivot 
turns must always be a Uttle larger than the pivot, to allow of 
free motion. Listead, therefore, of circular bearings, the pivots 
are supported on forks, or Y's, as they are called, being of the 
shape of the letter Y, (see fig. 125,) 
or something approaching thereto. 

In ^, 126 IS shown the manner 
in which the pivot P reists on its forked bearing 
yy, LMN being the pillar or stand to which 
the Y or bearing is attached. S is a fine screw, 
which, being turned, gives a horizontal motion 
to the Y, for the purpose we shall explain pre- 
sently.* The other pivot Q is supported on a 
similar Y and pillar, only instead of having a fine 
screw such as S to move it horizontally, it has 
one to move it vertically up or down. P is 
called the horixontal Y, and Q the vertical Y. 

393 7^ T^lescope.'-^The telescope has cross 
wires m the focus such as we have described in 
the former chapter, which are moved horizontally 
by a screw D, m the manner we have explained. 
Generally, in small instruments, there are one 
horizontal wire and three vertical wires equi- 
distant frt)m each other, as is representecT in 
fig. 127, but in large instruments there are ^Te, 
and often seven, vemcal wires. 

There are three or four eye-pieces of different 
powers which slide in at C, one of which is 

Fig.127 
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* We have represented S as an ordinary screw with a mOled head; generally, instead of 
•och a screw, there are two opposing screws, for the sake of greater steadiness, which are 
worked by a lever. 
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always a diagonal eje-piece— «ee former chapter. When we wish to use the 
telescope, we must slide in a snitable eye-piece, and move it in or oat until 
the wires are seen distinctiy, and sharply defined. We must then direct iSke 
telescope to a star, and if tne star is also seen distinctly and well defined, the 
telescope is properly adjusted as far as the focns is concerned; if not, the 
wires in the rocos must be moved in or out till the image of the star becomes 
well defined. If, on moving the eye a little to one side or the other of the 
eve-hole, the star appears to keep steadily on one of tiie wires, this shows 
tbat the focus is correctly adjasted. 

394 like Stand and Fillarg,-^ I — I a ''*"° 

These are shown in fig. 130, where P N 
and QM are the two pillars which 
saroort the T's and pivots P and Q. 
Alf is the telescope, N M is the base 
of the stand, whicn is generally circu- 
lar} and, for greater steadiness, sup- 
ported on three short legs S U and T, 
which have screws for shortening or 
lengthening them, in order to make 
the stand as nearly as possible hori- 
sontal, and therefore the pillars ver- 
tical The pillars in large fixed in- 
stnmients are made of stone, firmly 
imbedded in a hard foundation, but in 
small portable instruments they are of 
metal, firmly braced to the stand N M, 
so that they may not be capable of 
shaking or ^mbfing. 

3^5 Illumination qfthe Wires in the Focus, — ^At ni^ht it is necessary to 
iUuininate the wires, in order to make them visible. Tms is done by means 
of a hunp L, placed on a stand close to one of the pivots. The pivot is 
pierced, and tne conical axis is hollow, so that the light from the lamp, pass- 
mg through the hole in the pivot, enters the middle of the tube of the tele- 
scope at £. There is a plane refiector placed diagonally across the telescope 
tabe at E, by which the light from the lamp is renectea down the tube to the 
focus, and in this manner the wires are illuminated. The reflector has a 
good-sized hole cut in the middle of it, so that it may not intercept any of 
the light which comes through the object-^lass down the tube to the eye. 
Ihe lamp has a moveable shade, by which the de^ee of illumination may be 
diminished, which is necessary when observing famt stars. 

306 Object qf Mounting the Telescope in this moMM^r.— The object is, in 
the met ^ace, to make the telescope move with great steadiness in a plane ; 
this is effected by the long axis P Q ; for it is evident that the longer the 
axis is, the less effect will imperfections in the pivots have in making the 
telescope move unevenly. In the second place, the bearings of the pivoto are 
made moveable horizontally and vertically, by means of fine screws, as above 
described, in order to place the axis more accurately in any required position 
T-as, for instance, in or perpendicular to the plane of the meridian ; the stand 
is placed in the proper position at first, as nearly as can be judged, and then 
the further and complete adjustment of the axis is effected by the delicate 
motion of the screws. 




397 OCke Level.^-The transit instrument is 

Fig. 129 




always accompanied by a 
spirit level, for the pur- 
pose of making the axis 
perfectly horizontal. The 

"^ construction and use of 
the level is as follows :•— 
A B, fig. 129, is a glass 
tube, slighUy curved, and 
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almost, but not qtdte, Med with alcohol, so that a bubble C D is left in the 
tube. This bubble will, of course, always ascend to the highest part of the 
tube, in whatever position it may be held, and so will serve as a mark of the 
inclination of the liibe ; for if the inclination be altered, the highest part is 
not where it waa before, and therefore the bubble will change its position^ 
since it must always ascend to the highest part of the tube. 

The curvature of the tube, as shown in the figure, is considerably ex* 
affgerated, for the purpose of showing the nature of the level ; in practice, 
the curvature is so small that the l^be appears quite straight to the eye. 
The smallness of the curvature makes the least change of incBnation of the 
tube evident ; for the more nearly straight the tube is, the more does the 
bubble move when the inclination of the tube is altered. The tube is not 
made quite straight, because, if it were so, the moment one extremity was 
elevated in the least degree above the other, the bubble would immediately 
move to the former extremity — ^in fact, the instrument would then be tolo 
sensitive, and would require the tube to be placed always in a horizontal 
position with a degree of exactness not attamable in practice. This is the 
reason why a slight curvature is given to the tube. 

398 The line C D joining the extremities of the bubble will be always 
horizontal if the tube be of uniform bore and curvature, otherwise, in conse- 
quence of catullary attraction, this wiU not be the case. However, the hori- 
zontality of tnis line is not by any means essentia^ for the principle of tha 
instrument consists in this, that any change in the inclination of the tube to 
the horizon will be immediately shown by the motion of the bubble. 

399 Hence we have the following conclusion upon which it will be seen 
the use of the level depends — ^viz., tlukt if the bubble does not move when 
we change the position of the tube, it follows that the inclination of the tuba 
to the horizon has not been altered by the change of position. 

400 lie tube is fixed ia a 
*^" frame of brass AB, shown in 

^ fig. 128 ; the upper part of the 

inme is open so as to show 
the upper surface of the tube ; 
on the top is a straight scale 
F G, marked with a number of 
equidistant vertical lines, the 
use of which is to enable the 
observer to note the position of the bubble with accuracy. The frame A B 
has two legs A C and BD of equal length, and cut at the bottom in the shape 
of mverted Y's, for the purpose of being phiced upon the pivots of the transit 
instrument, the distance from G to D being the same as the distance between 
the two pivots, so that C may rest on one pivot, and D on the other. 

401. From what has been above stated, it follows, that if we place the 
level mth the legs C and D upon a rod or axis P Q, in the manner shown in 
fig. 133, and note the place or the bubble by looking at the scale F G ; and 

Fig.133 





this being done, if we change the position of the level by placing the leg at 
the end Q, and D at P, and again note the place of the bubble ; then, if the 
bubble IS not in the same place as before, one of the extremities of the 
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rod P Q must be higher than the other ; bnt, if the pkce of the babble is on- 
changed, the extremities mnst be exactly on the same level, and therefore the 
rod is horizontal. Tim is manifest : for, if one of the extremities, F or Q, be 
higher than the other, the above change in the position of the level evidently 
cminges its inclination to the horizon, and therefore the bubble mnst move ; 
bat u one extremity of the rod is not higher than the other, then the change 
of position does not alter the inclination of the tube to the horizon, and there- 
fore the babble does not move. 

IL ^xammatwn and Adjustment qfthe T^rannt Instrument. 

403 Examination qfthe Tramit. — ^It is very important that an observer 
should be able to examine anew instrument he is about to purchase, to deter- 
mine whether it is accurately constructed or not, and an instroment which has 
been for some time in use, to discover whether it has suffered an}r injury. 
The first thing to be looked to is the steadiness of the stand and pillars on 
which the instroment rests : the^ should be well braced together, and the 
three screws, or short legs on which the whole stands, shouM torn tightly, 
and be perfectly free from any tendency to shake. The Y's should be made 
with great care, and of hard material, and their motion should be smooth and 
steady. 

The telescope should be strongly supported and well balanced, so as to rest 
at any inclination, and to be easUy turned about the pivots. The wires in the 
focus should be seen sharply and distinctly defined when the telescope is pointed 
towards the edge of a tolerably bright distant object by daylight. Sometimes, 
owing to bad workmanship in the object-glass or eye-piece, and to the eye- 
hole being too large and too near the eye-glass, the wires appear to be doubled 
or trebled, and very indistinct, and no adjustment of the focus will make 
them appear sharp and single. This defect arises from Interference or Dif- 
fraction, and may sometimes be remedied by diminiBhing the eye-hole, which 
need not be larger than the pupil of the eye, and ought to be exactly in ite 
proper place. 

The wires should move perpendicularly across the tube of the telescope 
when the screw which moves them is turned. If they continue to appear 
well defined when the screw is turned, their motion is correct. 

403 JExamination qfthe Pivote, — ^If the pivote are imperfect in any way, 
the instroment is good for very little. To test the pivots, place the level on 
them in the manner represented in fig. 127 (5t>), and torn the telescope 

£ig. 127 
I . . . ■ 1 ■ ■ t . 1 ■ I I ■ ■ t 1 1 1 ■ L 1 Tx. 




slowly and carefully round, watehing the bubble all the time ; then, if the 
bubble keeps steadily in the same position, we may be sure that the pivots 
are truly cylindrical, and have the same imaginary axis ; at leaslf if there be 
any inequality in the shape of one pivot, there must be precisely the same in 
the other, and the two errors destroy each other. Of course the pivots ought 
to be cylindrical, and they may always be so made ; but corresponding and 
exactly equal deviations from the cylindrical form in each pivot would not 
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effect the performance of the trazisit inBtrument. That such equal imperfec- 
tions should exist is, of course, a scarcely possible accident, and theremre we 
may conclude that, if the bubble does not move as the telescope is turned 
slowly round, the piyots must be cylindrical and canaxial, if we may use the 
word in imitation of * concentric/ 

404 But it is necessary also that the pivots should be of exactly the same 
sise ; the reason why wiU apj>ear when we come to speak of the aajustments 
of the instrument. To examine this point, place the level as before, the leg 
C on the pivot P, and D upon Q, j^see fig. 127, bis,) and note the position of 
the bubble ; then raise the level on the pivots, and, taking up the telescope, 
carefully reverse the pivots, that is, place the pivot P on the Y upon which 
the pivot Q rested before, and Q on the Y upon which P rested oefore ; P 
will then be on l^e side M, and Q on the side JN*. Having done this, put the 
level again on the pivots in the same position as before ; that is, the leg C on 
the side N, and D on the side M, so that now the leg C will rest on the pivot 
Q, and D on P. Then note the position of the bubble, and if it remains 
exactly where it was before, and continues in that position when the telescope 
is turned slowly round, we may be sure that the pivots are of exactly eqiuJ 
size. 

405 It might be easier to test the equali^ of the pivots otherwise, but 
the method just described is that most suitable with reference to the use of 
the equality of the pivots. In fact, it is necessary often to reverse the pivots, 
and it is on this account that their equality is a matter of importance ; other- 
wise they might differ in size without causing any error in the performance of 
the instrument. 

406 Hence the goodness of the pivots is completely tested by the fol- 
lowingmethods of examination, viz. : — 

1. Place the level on the pivots, turn the telescope slowly round, and watch 
the bubble. 

2. Eeverse the pivots (but not the level) and note the bubble again as the 
telescope is turned slowly round. 

If m both cases the bubble remains unmoved, and in exactly the same 
place after the reversion of the pivots as before, then we may place perfect 
reliance on the accuracy and equality of the pivots. 

m. Adfustments of the Transit Instrument, 

^__ • 

407 We have not space to say more respecting the examination of the 

transit instrument than what has been just stated. It is highly important 
for an observer to be able to examine an mstrument, and determme whether 
it has any imperfections or errors which ought not to exist, and which he 
has neither the skill nor the means to correct. Such errors are those just 

alluded to, which it is the part of opticians 
. JL and not the observer to correct, and which 

completely spoil the performance of the instru- 
B ment. But there are other errors, which the 

observer and not the optician must get rid oi, 
and which require repeated correction. These 
are usually called the Adjustments of the tran- 
^^^^ Q sit instrument. 

••— ^^^=f — -i- 408 Adjustment qf the Iam of ColUmatum, 

^ ® — ^In ^. 130 (his), A B is the telescope, P and 

Q the pivots, and F G the imaginary axis of 
the pivots; then, the pivots being supposed 
to be perfectly cylindrical and conaxial, it is 
manifest that the line F G remains unmoved 
when the telescope is turned about the pivots. 
Now H EI, the line of collimation, ought to be 
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perpendicular to this line, in order that it ma^r moye accurately in the same 
plane; for, if it be not at right angles to H ET, it will describe a conical and 
not a plane surface. It is necessary, therefore, to adjust the line of collima- 
tion so that it may be perpendicular to the imaginary axis F G about which 
it turns. 

To do this we must remember that by turning the screw D, we move one 
extremity of the line of collimation ; for the line of collimation is that line 
which is drawn from the point of intersection of the cross wires through the 
centre of the object-glass, and by turning the screw D we may move the 
cross wires either to the right or to the lefb at pleasure, and so place them in any 
required position. Hence we only require a method or test for determining 
whether H £ is perpendicidar to F G or not. The following simple method 
is the most accurate that can be employed : — 

409 IteversionatestofPer- 
pendicularit^. — Suppose P Q 
and A C, fig. 131, to be two 
rods fixed together, not quite 
at right angles to each other, 
the extremity A of the rod 
A C being a little on the right 
of the true perpendicular E S. 
Let us now reverse the extre- 
mities P and Q — ^that is, let us 
take up the rods and turn them 
over, so as to place P where Q 
was before, and Q where P was 
before; which, being done, it 
is clear that the rod A C will 
now lie in the position A' C, 
the extremi^ A' being as much 
to the left of the true perpendi- 
cular E S as A was to the right 
of it. ThuaPQACrepresentthe 
rods in one position, and P Q' 
A' C in the reversed position, 
the line E S, which is perpendicular to P Q, being exactly half-way between 
A C and A' C. 

Hence this reversion is a test by which we can determine practically whether 
AC is perpendicular to P Q or not. If A C is not perpenoicular to P Q, as 
ahove supposed, the reversion of P and Q will cause the rod A C to lie in a 
different position to that in which it lay before ; that is, after the reversion 
the extremity A of A C will fall as much to the left of the true perpendicular 
as it was to the right before, or vice versa. But if A C is perpendicular to 
PQ, then the reversion will produce no change in the position of A 0. 

410 To apply this to the transit instrument, we nave only to suppose 
P Q to be the imaginary axis of the pivots, and A C the line of collimation ; 
then, if we take up the telescope and put it down again, reversing the pivots, 
we shall not alter the position of the line P Q, because the pivots are of 
exactly equal size, (and here the importance of the equality of the pivots is 
manifest ;) in other words, after the reversion the imaginarv axis of the pivots 
will lie exactly in the same line as before. Hence, if the fine of collimation 
points in exactly the same direction after the reversion as before, it must be 
at right angles to the imaginary axis ; but if this is not the case, the two lines 
are not perpendicular to each other. 

^ 41 1 Hence we derive the following method of adjusting the line of collima- 
tion so as to make it perpendicular to the imaginary axis about which it turns. 
Point tiiie telescope to some distant object, say a star, and suppose that the 
•tar is seen at the centre of the cross wires : take up the instrument off the 

i2 
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Y'fl, and put it down again carefully, with the pirots reversed, and point it at 
the star agaui ; then, if the star appears again at the centre of the cross wires, 
the line of collimation is perpendicular to the axis ; but if the star is seen 
either on the right or left of the centre of the wires, the line of collimation is 
not perpendicular to the axis. 

To adjust the line of coUimation, let G, fig. 132, be 
the centre of the wires, and S the star, seen, after the 
reversion, to the right of G $ then, by turning the screw 
D, (fi^. 130, bis,) move the centre of the cross wires to 
the right untQ it comes to the point C, which is half- 
way between G and S. This being done, the line of colli- 
mation becomes perpendicular to the axish The reason 
why we move the centre of the cross wires half-way 
towards the star, is because the point S, which marlcs 
where G was before the reversion, falls as much to the 
right of the true perpendicular as G, after the reversion, does to the left. 

412 If ike screw D has a graduated head, we may move G half-way 
towards S with accuracy ; but if not, the eye must judge as well as it can tfa^ 
half-way point G^ To test whether the centre of the cross wires has* been 
moved mto the proper position exactly, reverse the pivots again, and if no 
change takes place m the position of the star, the position of l^e wises is 
correct. Otherwise the adjustment must be inade again. A few triAls wiil 
answer to make the adjustment of the line of collimation complete. 

In each case, before the reversion, the star should be brought to the centre 
of the wires ; this is easily done by turning the telescope till the star comes 
on the horizontal wire, and then turning the screw of the horizontal Y, until 
the star (which wiU appear to move along the horizontal wire as the screw of 
the Y is turned) comes to the centre of the wires. 

The star made use of for this adiustment should be the pole star ; the 
apparent diurnal motion of any otner star, while the pivots are beizig re- 
versed, would give rise to some error, but the motion of the pole star is too 
slow to be perceptible in so short a time. A distant mark on some building 
is what is generally employed for this adjustment in large fixed instruments ; 
but it may not be easy for a traveller to find such a mark when required, in- 
asmuch as it must be a weU-defined point at a considerable distance from the 
observer. 

413 Adjustment of the Axis of the Transit Instrument by the Leveh^^ 
The next thing to be done is to make the imaginary axis of the pivots 
fierfectly horizontal by means of the level, so that the plane in wliicii the 
une of collimation moves may be a vertical plane. 

Before making this adjustment, the instrument should be placed, as nearly 
as it is possible to judge, mits proper position, either in the meridian or in the 
piime vertical, as the occasic» may require. To place the instrument nearly 
m the meridian, point the telescope towards &e ^ole star, or rather about a 
degree and a haJOf on one side of the Pole star, towards the middle of the 
Septemtriones, at the same time keeping the bubble as near the middle of the 
level as possible. If this be done, the instrument will not be much out of the 
meridian ; at least it will be sufficiently near the meridian plane to enable the 
observer to place it accurately in that plane by a further adjustment, which we 
shall soon explain. 

414 Another point to be attended to before making the adjustment of 
the axis with the level, is to examine the motion of the horizontal Y when its 
screw is turned, in order to secure the perfect horizontality of that motion. 
If this be not done before adjusting the axis, then any motion of the horizontal 
Y which may be afterwards necessary, will derange the adjustment of the 
axis. To make the motion of the honeontal Y penectly horizontal, we must 
give its screw a few turns, and note the effect produced on the bubble of the 
level. If the bubble remains stationary, we may be sure the horizontal Y 
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mores truly horizontally ; but if the bubble moyes, this is not the case. If the 
motion of me Y is not found correct in this way, we have only to turn one of 
the foot screws or short legs on which the stana is supported, until the bubble 
ceases to move, when the screw of the horizontal Y is turned. 

415 These points being attended to, we may proceed to adjust the axis 
by the level as lollows : — 

Place the level with its legs and D resting upon the pivots P and Q, and 
note the place of the bubble ; afterwards take up the level, reverse it, and put 
it down again, so that C may rest on Q, and P on D, and note the place of 
the bubbli again. Then, if the bubble has not altered its position, we may 
be sure that the imaginary axis of the pivots is perfectly horizontal ; but if the 
bubble has moved, turn the screw of tne vertical Y till the bubble moves half 
way towards its original position. It will then be found, on reversing the level 
again, that the bubble does not move, and therefore that the axis is horizontal. 
If, however, the bubble should move a little after the second reversion, 
(which may happen if the adjustment is not carefully made,) it will be neees- 
saiy to move the bubble, by turning the screw 01 the vertical Y half way 
towards its position after the first reversion. A few trials will soon make the 
axis quite horizontal, which will be made manifest by the position of the 
bubble not being affected by the reversion of the level. 

416 We have here described the adjustment of level, as being made by 
moving the vertical Y. In most portable instruments, however, me vertical 
Y is immovable, and the adjustment of the axis is made by turning the foot 
screw or short leg which is 

under the horizon^ Y. The H^.lSV' 0^ 

stand on which the two pillars 
are supported is often circular, 
as is snown in £g. 137, where 
N P M Q are the two pillars ; 
PQ the axis of the pivots, the 
horizontal Y being at Q ; H, X, 
L the three foot screws, one of 
whioh» L, is immediately under 
Q, and the other two, K and H, 
equidistant from L. By turn- 
ing L, it is evident we raise or 
depress Q, and so we may make 
^he line P Q hcnizontal. The 
previous adjustment, above de- 
smbed, by which the motion of 
the horizontal Y is made truly 
h<»izontal, is effected by turn- 
ing either of the screws H or K, The subsequent turning of L will not 
derange this adjustment, if H and K be equidistant from L, and N exactly 
opposite M. 

417 Adjustment of the Vertical Wire, — ^It is important that the vertical 
wire in the focus of the telescope should be truly vertical, for then it will 
show, through its whole length, the vertical plane in which the centre of the 
wires moves when the telescope is turned about its pivots, or rather, the 
vertical plane described by the line of collimation : so that, if a star be seen 
on any part of the vertical wire, we may be sure that it is in the plane 
descriDed by the line of collimation, without having to turn the telescope, so 
as to bring the star exactly to the centre of the cross wires. This will often 
save trouble ; and indeed it is essenlial in nice observations not to be obliged 
always to bring the centre of <iie cross wires to bear upon any star we may be 
obsffl-ving, but simply to allow the star to move across the neld of view, and 
meet the vertical wire wherever it may happen to do so, whether at the centre, 
OS abore it, or below it. It is, 1 owover, oetter to point the telescope so that 
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the star may more across the central part of the field of view; for the vision is 
not always distinct near the extreme parts of the field of view. 

To determine whether the vertical wire is truly vertical or not, we have 
only to bring a star upon it, and gently torn the telescope, the axis having 
been made tmlv horizontal bv the previous adjustment ; then if the star 
appears to run along the wire, the wire is truly vertical ; but if the turning of 
the telescope makes the star appear to move off the wire, then the wire is not 
truly vertical. 

If the wire be found, on examination after this manner, to be out of the 
vertical, the wires must be turned roxmd a little by means of a screw, whidi 
is generally accessible to the observer ; but sometimes it is not, or there is no 
screw, and then this adjustment must be left to the instrument maker. 

418 Meridian Adjiiftment of the TrcmHi Instrtiment. — Having placed the 
instrument with its axis perfectly horizontal, and the telescope moving nearly in 
the plane of the meridian, and having made the motion of tiie horizontel Y truly 
horizontal, one more adjustment is required, in order to place the instrument 
exactiy in the meridian — ^that is, so toplace it, that the line of collimation may 
move truly in the meridian plane. Tins may be effected, without deranging 
the previous adjustment of the axis, by simply turning the screw of the 
horizontal Y. It remains, therefore, to explam the test dv which it may be 
known whether the line of collimation moves in the vertical plane or not. 

419 Superior and Irferior Transits qf a Circumpolar Star test the 
Meridian Adjustment. — Let us consider the circumpolar motion of any par- 
ticular star not far firom the pole, as, for instance, a Ursa Majoris. Thus star 
describes a circle about the pole in twenty-four hours, and never sets ; it will 
therefore cross the meridian twice every twenty-four hours, once below the 
pole, and once above the pole. The stag's transit across the meridian below 
the pole is called its inferior transit, and that above the pole its superior 
transit. The interval of time between the superior and inferior transits of 
every star is exactiy twelve hours, sidereal time. 

Hence we have an accurate test by which to determine whether the line 
of coUimation moves in the meridian plane or not ; for if it does, the interval 
between the two appearances of the star on the vertical wire will be exactly 
twelve hours sidereal time ; but if it does not, the interval will be either 
greater or less than twelve hours. All that we have to do, therefore, is to 

watch a Ur8» Maioris, or any other 
drcompolar star/when it is below 
the pole, and note the exact time 
when it crosses the vertical wire ; 
and in about twelve hours, when it 
will be above the pole, watch it 
again, and note the exact time of 
its coming on the vertical wire: 
then if the interval between the 
two times is exactiy twelve side- 
real hours, the line of coUimation 
moves in the meridian plane ; 
otherwise it does not. 

420 To explain this important 
point more completely, let P (fig. 
134) be the pole, Z the zenim, 
QS S'ET' T the circle which the 
star describes about the pole, S 
being the place of the superior 
transit, and T that of the inferior. 
Also suppose that the line of colli- 
mation does not move exactly in 
the meridian plane, and that Z S' T' 
is the portion of the great circle 
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it describes on the celestial sphere, which circle of course passes through the 
senith Z, since the plane in which the line of coUimation moves is made 
tmhr vertical by the adjustment of the axis of the transit instrument. 

rTow, when the star is at S' it will be seen on the verticsd wire, if the 
telescope be pointed towards it ; and again, when it comes to T', it will also 
appear on the vertical wire, the telescope, of course, beinffsufficiently lowered, 
that the star may be seen again in the field of view. The interval of time 
between these two appearances on the wire will be the time the star takes to 
move over the space b' S Q T T'. Now the time the star takes to describe 
the space S Q T is twelve hours exactly ; therefore the interval between the 
two appearances of the star on the vertical wire will be a little greater than 
twelve nours, the excess beingthe time the star takes to move Som S' to S, 
together with that from T to ly. 

Hence it is manifest that if the line of coUimation move eastward of the 
pole, as is represented in the figure, the time reckoned from the superior 
to the inferior transit across the vertical wire will exceed twelve hours ; and 
idee versa, if the line of coUimation move westward of the meridian, the same 
interval of time wiU faU short of twelve hours. 

421 To find out the angle of deviation S Z S' of the plane in which the 
line of coUimation moves, maUiematidans give a formula oy whidi it can be 
computed firom the observed interval between the two transits across the 
vertical wire ; but this formula requires both the latitude of the place and 
the declination of the star to be known. We shaU give here a different 
method, which has the advantage of bein^ easUy understood, and requires 
neither the latitude nor the dechnation of the star to be known. 

To apply this method it is necessary that the screw of the horizontal Y 
should be veiy accurately made, in fact, that it should be a fine micrometer 
screw, and have a graduated head, such as we have already described. There 
would be practical difficulties in making a screw of this kmd work correctly ; 
but a micrometer screw, to move the wires of the focus, which is often added 
to transit instruments, would answer the same purpose. It is easier, in 
explanation, to consider that the Y is moved. 

IV. Method of finding the True Time of Transit of a Star across the Meridian 
with a Transit Instrument not exactly in the Meridian Plane. 

422 Of the Clock, or Chronometer. — ^We must say a word respecting the 
instrument for measuring time, which must always accompany the transit 
instrument. When the observer never has to move from place to place, the 
clock wiU be the proper instrument to use for measuring time; otherwise, as a 
clock is not portable, he must employ a chronometer, which is a large watch of 
peculiar and very accurate construction. The chief thing to be noticed 
respecting the chronometer is, that it has a peculiar scapement, which gives 
a distinctly audible and sharp tick. It is by listening to this tick Ihat the 
observer counts time ; for he cannot look at the hana of the chronometer at 
the same time that he is looking through the telescope, and therefore he 
must use his ear for observing time. The seconds hand of the chronometer 
is the large hand, and not the minute hand, as in a common watch. The 
seconds hand does not move like that of a watch, but drops firom one second 
mark to another on the dial plate in a remarkably steady and regular manner, 
making a sharp tick each time. The chronometer, we sliaU suppose, is regu- 
lated exactly to sidereal time. 

423 To determine the effect of turning the Screw qf the Horizontal y.— 
Suppose the telescope to be pointed at any particular star, S, fig. 134 {his), and 
that by turning the screw of the horizontal Y the vertical wire A B is made 
to bisect the star, that is, to pass exactly through the centre of the image of 
the star, so that half that image may appear on one side of the wire, and 
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half on the other. Then, in consequence of tiba 
diurnal motion of the heavens, the star will more^ 
but by turning the screw of the horizontal Y, wft 
may make the vertical wire always to follow the 
star, so tiutt, when the star has moved to S', the 
vertical wire shall move to the position A! B', and 
still bisect the 8i4Kr. It will require some practice 
to be able to turn the screws so as to keep the 
wire always bisecting the star; also the screw 
must be accurately made, and the motion easy and 
smooth: but vei7 soon an observer will a^nire 
the power of domg this with the greatest ease^ 
in fact quite mechanically and habitually. 

Now this being the case, listen attentively to the ticking of the chronometer, 
keeping the vertical wire upon the star by taming the screw of the Y, and 
just at a tick cease tumine the screw and let the star move off the wire ; 
then look at the graduated nead of the screw* and note the graduation shown 
by its index. Having done this, look again at the star, whidi of course will 
now have moved s<»ne way from the wire, and tarn the screw till the wire 
comes up to the star ; then, just at a tick, cease turning the screw, look at 
the graduated head, and note the ^duation shown by the index. 

!During these operations the ticks of the chronometer must be carefolly 
counted, so as to observe by the ear the number of seconds that elapse 
between the two ticks at which the motion of the screw was stopped. 

424 Now suppose that A B, fig. 134 (Us), is tlie place of the vertical wire 
at the instant (or tick) when the motion of the screw ceases the first time, 
and A' B' its place the second time ; and suppose also tibat the number of 
seconds counted while the star was moving from 8 to S' is ten, and that the 
number of turns of the screw of the Y which produced that motion is two, 
then it is evident that since two turns of the screw correspond to ten seconds 
of time, one turn corresponds to five seconds ; that is, one turn of the screw 
moves the wire over a space which the star takes five seconds to describe, 
so that if the star be on the wire at any instant, and one forward turn be 
given to the screw of the Y, it will be five seconds before the star comes on 
we wire again. 

In general, divide the number of seconds counted by the corresponding 
number of turns of the screw, and that will give the number of second 
corresponding to one turn of the screw, and so determine the effect of 
turning the screw. 

425 It will be found that the number of seconds corresponding to one 
turn of the screw of the Y will be greater at the infe- 
rior than at the superior transit. The reason of this is 
manifest from ^, 136 ; for> supposing tiiat one turn FagJLM 
of the screw moves the circle of collimation* fifom Z T 
to Z T', T T' is greater than 8 S', and therefore it will 
take a longer time for the star to perform the former 
distance. 

426 To find the exact Time of Trcmsit ctcross the 
Vertical Wire in am position, — "Let Z S P T, fig. 136, 
be the meridian, Z the zenith, P the pole, 8' 8 Q T T' E 
the circumsolar course of the star, Z 8' T' tihe vertical 
circle described by the line of collimation, which is not 
supposed to move exactiy in the meridian. 

A little before the star comes to 8', that is, a little 




« That if, the drde which the line of collimation describes on the celestial sphere as tbe 
telescope is tnmed about its axis. 



THE TRANSIT INSTRUMENT. 121 

before it comes on the vertical wire at its superior transit, look at the clirono« 
meter, and note the honr, minute, and second ; note also the graduation of 
the screw of the Y, shewn by its index. Then, counting the seconds or 
ticks carei^y, watch the star, and by turning the screw, bring the wire upon 
the star just at a tick of the chronometer; note the graduation of the screw, 
(as described in Art. 424,) brmg the wire again on the star, and again note the 
graduation of the screw, counting the ticks all the time. Suppose the results 
of these observations to be as foUows : — 

(1) Graduation of screw before it is moved 

(2) When the wire is brought upon (Time noted 1>» 2" 3* 

the star the first time . . .(.Graduation of screw shows 1^ turns. 

(3) Ditto, ditto, the Becond time •{S^^SSofB^dxo;8 3iLL. 

Then from (2) and (3) it follows, as we have explained in Article 424, that 
one turn of the screw corresponds to 2' : therefore, if we suppose 3^ turns to 
be given to the screw backwards, which will put the line of collimation 
where it was orignally (that is, at 8'), this will oorresnond to 6J*; in other 
words, the star was at S' 64' before the time (3), ana therefore the exact 
time of the star's crossing the vertical wire in its original position was l"* 2'" \\ 

In this manner the exact time of a star's crossing the vertical wire, m 
whatever position it is placed, may be easily found. The rale in general is 
as follows : — 

Supposing the graduation of the screw originally to be (any other number 
win do as wdl), subtract the time (3) from the time (2), and the number of 
turns (3) from the number of turns (2), divide the former (HfTerence by the latter, 
multiply the quotient by the number of turns (3), and subtract tiie result 
from the time (3) : then the time so obtained will be the exact time when the 
star crossed the vertical wire in its original position (1). 

427 The above method, or something equivalent, is absolutely necessary 
for accuracy, because it may' happen, and generally happens, tliat the stfur 
crosses the wire between two ticks. Astronomers always guess the instant, 
or fraction of a second, between the two ticks, when the stcur is on the wire, 
and to attain greater accuracy they have three, five, or seven wires in the 
focus, equidistant from each other (see fig. 127). They judge, as well as they 
can, how far the star is from each wire at the tick just before it crosses it, so 
determine the time of transit across each wire, and, by taking an average, 
the time of transit across the middle wire. 

428 To find the exact Time of a Starts Transit across the Meridian,'^ 
Referring to the same figure and letters as in Art. 426, and supposing every- 
thing the same as in that article, find the exact time of the star's being at a', 
bv the method just explained : find also, in the same way, the exact time of 
the star's being at T', by making the observations at the inferior transit, and 
suppose that one turn of the screw corresponds to 2* at 8', and to 3' at T'. 
Furthermore, let the time of the star being at 8' be 1** 2"* i\ and the time of 
its being at T', IS^ 2" lOJ'. Then it follows, that the time the star takes to 
move from 8' to T' is 12*» 0" 10", and therefore, since the time from 8 to T 
is 12** exactly, the two times, from 8' to 8 and from T to T', must together be 
10'. But smce one turn of the screw of the horizontal Y at 8' corresponds 
to 2*, and at T' to 3', the spaces 8 8' and T T' must be in the proportion of 
two to three, and therefore the whole time of describing these spaces being 
IC, it follows, that 8 8' is described in 4", and T T" is 6'. Now the time of 
the star's being at 8' is P 2" J' ; therefore the star will be at 8 in 6" more, 
that is, at the tmie P 2" 6J*. It appears therefore that the exact time of the 
star's crossing the meridian at 8 is 1** 2" 6J". 

429 Li general, to find the time of the star's being at 8, we must find the 
times of its being at 8' and T', by the method above explained, and thence 
the time it takes to move from 8' to T'. The excess of this time over 12** 
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is the time the star takes to describe the two spaces S' S and T T', and tiiese 
two spaces are described in times proportional respectively to the times cor- 
responding to one torn of the screw at S' and T'. Hence, if we assume t 
to represent the excess oyer 12^ of the time of moving £rom S' to T', and a 
and to represent respectively the times correspondmg to one turn of the 
screw at S' and T', we have the following proportion— 

a-^b : t :: a : the time of moving from S' to S. 

From this proportion the time of moving from S' to S being found, and being 
added to the tune of the star's being at S', the result will give the exact time 
of the star's crossing the meridian at S. 

y. Method ofobBerving Trcmsits aeross the Prime Vertical. 

430 One of the best methods of finding the latitude of aplace consists in 
observing the transit of a known star across the Prime Vertical ; we shall 
therefore explain how such a transit may be observed. 

431 Method of placing the Transit Instrument nearly in the Prime 
Vertical Plane. — ^First place the instrument as nearly as can oe judged in the 
meridian plane, in the manner ahready explained, ana fix a common magnetic 
needle or mariner's compass on some convenient part of the stand, so that the 
needle may move freely in a horizontal plane.* Furthermore suppose, for 
the sake of simpler explanation, that the needle is made to point to the North 
point of the compass. Having done this, lift up the whole instrument and 
turn it round till the needle pomts to the East or West point of the compass, 
and put it down again caremlly, so that the needle may continue to point in 
either of these directions. The instrument will then be placed nearly in the 
prime vertical plane. 

For it is obvious that the plane of collimation is now at right angles to 
its original position, in which it was nearly coincident with the meridian 
plane, and therefore, since the prime vertical is perpendicular to the 

nteridian, the plane of collima- 
tion is now nearly coincident 
with the prime vertical plane. 

432 When the instrument 
has been thus placed, the level 
should be applied, in the man- 
ner already explained, in order 
to make the axis perfectly hori- 
zontal. When this is done, the 
line of collimation will describe 
a vertical plane nearly coincident 
with the prime vertical. 

433 ^ determine, by means 
cf the instrtiment thus placed, 
the exact time of Transit of a 
Star across the Prime Vertical. — 
Let P, fie. 138, be the Pole, Z 
the Zemth, S Z P T the Meri- 
dian, Q Z E the Prime Vertical, 
which is at right angles to the 
Meridian, and Q' Z E' the circle 
of collimation — ^that is, the circle 
which the line of collimation 

describes on the celestial sphere. Observe the lines STQE and Q'B' 
represent circles of the sphere which appear to be projected as straight lines 
on a horizontal plane to an eye looking vertically upwards on the sphere. 




* It will be advisable, in purchasing a transit instrument, to order a magnetic compass to 
be fitted to it on some convenient part of the stand. 
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The circle of coUimation Q! ZW is Bnpposed to deyiate a little from the 
prime vertical QZ'R, but the amount or deviation ia unknown. We can 
observe, in the manner already explained, the exact time when the star crosses 
^e circle of coUimation, that is, supposing S Q T B to represent the circular 
coarse of the star round the Pole, we can observe the exact times of the star's 
being at E' and Q'. We suppose the star to cross the prime vertical twice, 
(which it will do, if it crosses the meridian beyond the zenith at its superior 
tzansit S,) once on the east of the meridian, and once on the west. 

4^4 We must observe, before proceeding, that the time of the star's 
transit across the meridian at Q', is supposed to be known, either by actual 
observation (as above explained), or from the star's known right ascension. 
If it be the same star as tnat by which we have determined the meri^an (as 
above explained), of course its time of transit at S is known by observation ; 
if not, the ri^ht ascensions of both stars must be found from tne Ephemeris, 
or Nautical Almanack, and the difference taken, and this will determine the 
time that elapses between the transits of the two stars, and Uierefore the 
time of transit now required. 

For example, suppose that the superior transit of the star (caU it a) by 
which the meridian was determined was observed to take place at P 4" 16', 
and that the right ascension of another star (call it fi) exceeds that of a by 
4'* 2" 3' ; then ^ will cross the meridian 4'* 2" 3' after a, and therefore the 
time of transit of will be the sum of— 

P 4" 10' 
and 4^ 2" 3 ' 

that is, S"* 6" 18* 
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THE GEOGEAPHICAL USES OF THE TRANSIT INSTEUMEJ5TT. 

HAYING explained fully the construction of, and method of observing 
with the Transit Instroment, it will not require many pages to show 
how it majr be used for geographical purposes. 

The chief things wmch a traveller nas to determine at any place, by 
means of astronomical observations, are as follows : — 

The Position of the Meridian. 
The Latitude. 
The Longitude. 

We shall now explain, in order, how these three things are to be deter- 
mined. 

L JDetermmation cf the Poiition of the Meridian, 

438 To determine the meridian, we have only to determine, by the 
method explained in the {^receding chapter, the exact time when any par- 
ticular star crosses the meridian ; and, knowing this, we may, by turning the 
screw of the horizontal Y, bring the line 01 coUiination into the meridian 
plane, with great accuracjr, as an example will best show :— 

Suppose that any particular star is observed to cross the wire at the time 
gh 22™ 17% and that it is calculated, by tlie method explained in the previous 
chapter, that the star crosses the meridian exactly at the time 6** 12™ 23*; 
aJso, suppose that one turn of the screw corresponds to 3*. Then it follows, 
that the star takes 6' to move from the wire to the meridian, and, conse- 
quently, that two turns of the screw will bring the wire up to the meridian. 
We have only, therefore, to give the screw two turns, and we shall so bring 
the line of colhmation exactly into the meridian plane. Since the star crosses 
the meridian after the wire, the screw must be turned so as to make the wire 
move the same way that the star does — ^that is, westward at a superior 
transit, and eastward at an inferior. 

In general, to brin^ the line of collimation exactly into the meridian 
plane, we must divide we time the star takes to move crom the wire to the 
meridian, by the time corresponding to one turn of the screw, and the result 
wiQ show how much we must turn uie screw in order to bring the wire into 
the meridian. 

439 Having thus ascertained the precise position of the meridian, some 
mark, as distant as possible, is generally chosen to indicate either the north 
or the south point of the horizon. This mark is called the Meridian Mark. 
Its use is — ^to enable the observer to ]^lace his transit instrument in the 
meridian plane on any future occasion, without having to make £reah astro- 
nomical observations ; it also serves to determine wheSier tiie instrument has 
been in any way displaced or disturbed, by accident or otherwise. 

This mark should be, if possible, some small, well-defined object, such, 
for instance, as the point of a church spire, or the top of a pole fixed in the 
ground ; or it may be the vertical edge or extremity of some object, such as 
a chimney or house. It is not possiRe, of course, to get a mark of this kind 
exactly in the meridian, nor is it necessary to do so ; it will be sufficient it 
the mark is near the meridian, — that is, within a few turns of the screw, or, 
to speak more definitely, so near, that a few turns of the horizontal scMW 
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maj be sufficient to make the vertical wire move firom the mark to the 
ineridian. Of course the exact number of turns of the screw, by which the 
wire is moved from the mark to the meridian, must be noted, in order that 
we may be able to place the instrument in the meridian, which is done by 
first making the wire coincide with the mark, and then ^ving the screw the 
proper number of turns to brine the wire into the meridian. If the mark be 
a small round or narrow verticil object, the wire may be considered to coin- 
cide with it when it appears to be bisected by the wire. 

440 It is important for several reasons not to trust entirely to a meridian 
mark, and therefore observations should always be made to determine whether 
the instrument is exactly in the plane of the meridian or not. The use of a 
meridian mark, geo^pnically, is to define the north or south points of the 
eompass in any particular locality. 

H. Determinatum of the Latitude. 

441 A very exact and simple method of finding the latitude of any 
place by observation is by means of transits across the prime vertical, as 
TOoposed by Bessel, and adopted with great success in the Bussian surveys. 
We have already shown how the transit instrument is to be placed in the 
prime vertical, and it is only necessary to ejmh^ the method of finding the 
latitude by the use of the tnmsit instrument thus placed. The great advant<age 
of this method is, that it requires no corrections for refraction and paralkx, 
which are sources of error in other methods of finding tiie latitude. 

442 Method qf finding the Laiitvde of a 'place hy ohsermng Transits 
across the Prime Vertical—Jjet P, ^, 138, represent the Pole ; 8 Q' Q T E' E 
the circumpolar circle, which any star describes in twenty-four hours ; Z the 
zenith ; S Z P T a portion of the meridian ; Q Z B a portion of the prime 
rertical, which is, it will be remembered, at right angles to the meridian. 

Let the transit instrument be placed as nearly as possible in the prime 
vertical, that is, let it be placed in such a manner that the line of collimation 
of the telescope may describe a plane very nearly coincident with the prime 
Tertical plane. This may be done by means of a magnetic compass fixed on 
ilie stand of the instrument. The instrument is first to be placed as nearly 
as possible in the meridian, as above explained, and then the whole is to be 
lifted up, turned round till the magnetic needle moves through 90% and then 
set down again. 

443 Sometimes the instrument has an azimuthal motion, that is, it is 
eapable of being turned round a vertical piUar or axis; and it has a graduated 
Koiizontal circle. In this case, after havmg placed the instrument as nearlj 
as possible in the meridian, we have only to turn it round the vertical axis 
thimtgh 90^, by means of the graduated horizontal circle ; and, this being 
done, the instrument is placed nearly in the prime vertical. 

444 When the instrument is thus placed, the axis of the telescope must 
be carefiilly levelled, as above explained, otherwise the observations made 
will be erroneous. It is ver^ important, in all observations with the transit 
instrument, to attend particularly to the horizontal adjustment of the 
axis of the telescope. 

445 Supposing, then, that the instrument is placed as nearly as possible 
m the prime vertical, let W Z Q' represent a portion of the vertical circle, 
which the line of collimation describes on the celestial sphere when the 
telescope is turned round its axis. This circle passes through the zenith Z, 
because, the axis being properly levelled, the line of collimation describes a 
Tertical plane ; also, this circle, as we have supposed, is nearly coincident 
with the prime vertical Q Z B. 

Now, the star which is supposed to describe the circle S Q T B will be 
Been crossing the vertical wire when it arrives at B', and afterwards at Q', 
In the former case the telescope is pointing eastward, in the latter westward. 
Let the exact time of the star's being at B' be observed, according to the 
method already explained with reference to transits across the meridian; 
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also, let the exact time of the star's arriving at Q' be observed in the same 
manner. Furthermore, the exact times when the star crosses the meridian, 
at its superior and inferior transits at S and T, must be determined by 
observation, or by calculation, as we have explained. Then the exact time of 
the star's crossing the prime vertical at B or Q may be immediately deter- 
mined, as an example will best show. 

446 JExample, — ^Let the observed times when the star arrives at T B' 
B and Q' be as follows : — 

At T 1" 10" 3' 

At E' . ... 10^ 3™ 2' 

At 8 13»» 10*" 3' 

AtQ' le** 17" 0' 

Then the interval of time from the star's being at W to its being at S is — 

and the interval from S to Q', is — 

3»> 6" 57" 

Now, the time the star takes to move from E' to E mar be considered as equal 
to that from Q' to Q ; for, inasmuch as the circles E Q and E' Q' are very 
nearly coincident, the spaces E' E and Q' Q differ only insensibly from each 
other. Therefore, since the interval from E to S is the same as the interval 
from S to Q, S being evidently mid-way between E and Q, it follows thai^ 
the interval fr^m E' to E, and that from Q' to Q, must be each 2', and the 
interval from E to S, and that from S to Q, must be each — 

3»» 6" 69' 

for then the intervals from E' to S and fr^m S to Q' will be respectively-* 

3»» 7" 1' and 3^ 6" 67" 

as they ought to be. 

447 In general, the interval of time the star occupies in moving from 
E to S will DC half the sum of the two intervals from E' to S ana from 
S to Q' ; for it is manifest that the interval from E' to S exceeds, and that 
from S to Q' falls short of, the interval from E to S, by the same quantity, 
so that twice the latter interval will be equal to the sum of the two former 
intervals. 

448 Thus the time the star takes to move from E to S may be easily 
determined by observation ; and this also determines the angle ZV E (P E 
representing a portion of the polar circle, or circle of declination, drawn 

from the pole to the star), for, as 
2 the time of the star's moving from 

f]e.i39 ^^ 7 ^ E to S is to 24^ BO is the angle 

^ ^^ ^ ^^ ZPEto360°. 

^ Thus, in the case of the example 

just given — 

24»' : 3»» 6"" 69' : : 360° : angle ZPE, 

when the angle ZPE may be de- 
Ci Kj \. termined by the Eule of Tnree. 

J 449 We are now prepared to 

show how the latitude may be 

3 J found. Let A P Z C {&g. 139) re- 

I>reBent the meridian ; Z E B a por- 
tion of the prime vertical; Z the 
zenith; E the star crossing the 
prime vertical in the triangle Z P E 
m the present figure, the same as 
the triangle Z P E in fig. 138, only 




GEOGRAPHICAL USES OF THE TRANSIT INSTRUMENT. 127 

represented in a different projection or view. Then Z P S. is a spherical 
tnangle in which we know three things ; namely, the side P E, the angle 
Z PS*, and the angle P Z E. Tlie side P E is known, because the star E is 
supposed some known star, whose distance from the pole P is given in the 
Ephemeris, or Kautical Almanack. The angle Z P E is determined, as above 
explained, and the angle P Z E is a right angle, because the prime vertical 
Z & is perpendicular to the meridian Z P. 

Hence, three things being known in the spherical triangle Z P E, we may- 
find the remaining parts of the triangle ; namely, the angle Z E P, the side 
Z E, and the side 2 F, either by mathematical calculation, or by the method of 
oonstruction we have given in a former chapter. Now Z P is the complement 
of the latitude, being the distance of the zenith from the pole ; for the 
latitude is the Stance of ihe place of observation — ^in degrees, minutes, and 
seconds — ^from the terrestrial equator, or, what is the same thing, the distaace 
of the zenith from the celestial equator. 

It appears, therefore, that the latitude may be found fr^m the spherical 
triangle Z P E, by determining by observation the angle Z PE, as above ex- 
plained. 

450 The following is the construction for finding Z P. Let us take the 
letters I, c. A, h, to represent respectively the latitude, the colatitnde Z P, 
the polar distance P & of the star, 
and the hour angle ZPE. Then 
the relation between these quanti- 
ties is represented by constniction 
in fig. 140, where t]ie line O M is 
perpendicular to the line N L ; N X 
also perpendicular to N L; and 
M £ equal to M L. The angle 

nme:is;i; nom,c;LOM,a; 

and O N M, being the complement K 
of NOM, is /. That this is the 
proper construction for represent- 
mg the relation between c, A, and 
A, will be seen immediately by re- 
ferring to the article where the 
construction for exhibiting the parts 
of a right angled spherim triangle 
is given. 

Hence, to find the latitude l. A, 
and h, the polar distance and hour 
angle being known, as we have stated, we proceed as follows :— 

Draw two lines, O L, O M, fig. 140, making the angle M O L equal to the 
known nolar distance A of the star; and, taking OL of any convenient 
length, draw L M perpendicular to O M ; draw M £ equal to M L, making 
the angle 'S'M.IL (M N being the production of the line M L) equal to the 
hour anj^le h, which has been determined from observation ; then draw K N 
perpenmcular to M N, and join N O, and measure the angle O N M, and the 
angle thus measured will be the latitude required. 

4^1 We may here observe that the time of the star's transit across the 
mericuan need not be observed, provided we know the time of transit of any 
other star, (as, for example, the star made use of in determining the position 
of the meridiim,) and the right ascensions of both stars. For the dinerence 
between the two right ascensions will be the interval between the transits 
of the two stars across the meridian ; and therefore, if the time of transit of 
one star is known, that of the other may be imme<Uately determined. 




128 MATHEMATICAL OEOGRAPHT. 



m. Determination qf the I/mgitude. 

452 Connexion "between the Longitude qf a Place and the Time, — ^When it ia 
12 o'clock at London, it is 1 at a place 16° of longitude east of London ; 
for, since the Sun describes the whole 360° of longituae in 24 hours, that is, at 
the rate of 15° per honr, he comes on the meridian of London an hour later than 
on the meridian of a |>lace 16° east of London, and therefore the time at that 
place will be an hour in advance of that at London. Li like manner, the time 
at a place whose longitude is 16° west of London, is one hour behind the time 
in London. And in general, if we consider the meridian of London to be the 
First Meridian, reckoning longitudes from it, the difference between the 
time at any place and that at London will be found by converting the longi- 
tude of the place into time at the rate of 16° per hour, the time at the pl^e 
being in advance or behind that at London, according as the longitude is east 
or west. 

453 Method of finding the Longitvde of any Place, — Hence, in order 
to find the longitude of any place, we have onl^ to determine how much the . 
time at that place is in advance or behind the time at London, and convert 
the difference into degrees at the rate of 16° per hour. For example, if the 
time at a place be 3^ 6™ behind London time, what is the longitude of the 
place P To determine this, we have the proportion : 

P : a** 6" : : 16° : longitude required, 

which, by the Bule of Three, gives for the required longitude, 

46° 3(y west. 

Kow, in order to determine how mudi the time at a place is in advance 
or behind the London time, we must determine two things — ^namely, the 
London time and the time at the place. How this is to be done we shall no^ 
briefly explain. 

454 method of determiniiMf the Tme at any Place,^'We have exphdned 
how time is measured by the ^un*s apparent diurnal motion, corrected by the 
equation of time, in order to make the proper allowance for the inequalities 
in the Sim's motion. To determine the time at any place, that is, the mean 
solar time, we must determine the exact instant wnen the Sun crosses tiie 
meridian of that place, and make the proper correction for the equation of 
time, and then the time at the place will be determined. 

For example, suppose that the observer has a chronometer and transit 
instrument, and that he obtains the following result by observation with 
them, and the equation of time from the Ephemeris : — 

Time of the Sun's transit as shown by chronometer . 2*^ 4*" 18' 
Equation of time, (Sun too slow) 0»» 7" 42' 

Sum . . . 2»» 12" ()• 

Hence the chronometer is 2*" 4™ 18' faster than the time actually shown 
by the Sun; for it is o'clock by the Sun when he is on the meridian ; and the 
equation of time shows that the Sun is 7™ 42' slow ; therefore the chro- 
nometer is 2 hours and 12 minutes faster than the mean solar time at the 
place of observation, and thus that time is determined. 

455 But putting back the hand of the chronometer 2 hours and 12 
minutes, we may make it show the exact time of the place of observation ; 
but this is never done, because it would spoil the chronometer to move the 
hand backwards or forwards as in a common watch. The error of the chro- 
nometer is noted, and this is ^uite sufficient ; for instance, in the example 
just given it will be sufficient, instead of putting back the hand, to make a 
note that the chronometer is 2 hours 12 minutes fast at the place of obser- 
vation. 

456 Thus the time at any place may be determined by observing, with a 
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transit instrament and chroiiometer, the instant at which the Sun orosBes the 
meridian. The same may be done by obsenring the instant when any known 
star crosses the meridian, and making the proper allowance for the difference 
of the Sun's ri^ht ascension and that of the 8tor« 

For exan^>le, suppose the star's transit to be observed, and the right 
SBcensions of the Sun and star taken from the Ephemeris, or Nautical Al* 
maDAck, as follows— 

Sun's right ascension ... 4^ 12" ) ^^^ ^^^ 
Star's ^ht ascension . . . e"* IG"!"*^**"*®- 

Difference . . . . 2»» 4" 

Therefore, when the star is on the meridian, the Sun is 2** 4*" past the 
tteridiaii; or, in other words, it is 4 minutes past 2 by the Sun. 

Timeof starts transit by chronometer . IC* 13" 
Ditto by Sun .... 2'* 4" 

Difference S"* 11" 

Equation of time (Sun too fast) 0>* 10" 

Sum . . . S"* 21" 

the chronometer is S^ 11" faster than the time actually shown by the 
Son; but ake Sun is 10" too fast ; therefore the chronometer is in adyance 
of the mean time at the place of observation by the quantity-— 

which, being noted, determines the mean time at the place of observation. 

457 DetermineOion of the London Time, — The simplest method of doing 
this i0 by means of good chronometers, set to London time, and transported with 
great care to the place of observation. Now, chronometers, however good, 
are always subject to some error in their rate of going ; this error is deter- 
mined as well as it can be, and is noted. Also, as we have already stated, 
the chronometer is not actually set to London time by moving the hand, but 
the error is simply noted. Thus, two kinds of error are noted, the error in 
London on a certain day and hour, and the gaining or losing rate of the 
chronometer; and, by making the proper alfowance for these errors, the 
London time may be found from the chronometer at any place to which it 
bfl been transported. 
For example, supjtose the following case- 
Error of chronometer in London at 12 o'clock, June 1 . 0*» 2" 3* fast. 
Gaining rate 1' per day. 
Error from gaimng rate at 12 o'clock, June 23 . . . 0^ 0" 23',, 



Whole error at 12 o'clock, June 23 0»» 2" 26' fast. 

So that, according to London time, the chronometer is 2" 26* too fast on 
the 23rd of June. 

458 This- presumes of course on the invanabilily of the gaining rate of the 
chronometer, »>r this calculation supposes that the chronometer gains regu- 
larly one second per di^. When chronometers of first-rate conslTuction are 
transported by sea, with proper precautions against the motion of the ship, it 
18 wonderM how little the gaining or losing rate changes. Good chronometers 
ve therefore invaluable in navigation, for they give the London time with 
great facility, and therefore, as we have explained, serve to determine the lon- 
gitude. The means of transport by land are by no means so favourable to the 
correct going of the chronometer. 

459 Method qfdetermimng London l^me, by observing the Moon' 9 motion 
among the fixed stars. — The apparent diurnal motion of the heavenly bodies 
BCTves to determine the time at any particular place where the observer 
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aotoallj is, bat not the time at a different place, except the difference of ikb 
longitudes of the two places be known. An observer at New Yoilc may 
determine the time at New Tork by observing the daily motion of the Sun or 
other heavenly body ; but there is nothing in the diurnal motion of the 
heavenly bodies whi<^ will enable him to find the time at Lon4on, except he 
knows how many degrees New York is west of London. It is different; 
however, with regard to the proper motions of the heavenly bodies among 1^ 
fixed stars, for tnese motions are capable of showing the time at a place 
different from that in which the observer is stationed, without his knowing 
anything about difference of longitude of the two places. With the excep- 
tion of me Moon, however, the proper motions of the heavenly bodies are too 
slow to be made use of for the purpose of determining time with any degree 
of accuracy : the Moon alone moves with sufficient quickness amon^ the stan 
to enable us to make use of her motion with this view ; and even in the case 
of the Moon, it requires considerable nicety on the part of the observer to 
attain sufficient accuracy in the results of his observations. 

460 The Moon penorms the circuit of the heavens among the fixed stars 
in less than a calendar month, and therefore describes more tlmn 12P per day, 
or 3(y per hour. Suppose for a moment that she moves over 30' per hour, 
and therefore 90" per minute. Suppose also that the Moon is seen to coincide 
with a certain star at o'clock in London, and that an observer in some other 

Slaoe is aware of this, but is ignorant of his lon^tude. Suppose that he 
etermines the time at the place he is in, aocordW to the melJiod above 
explained, and that at 2 o'cTock he observes that the Moon is 6^ lO' from 
the star. Now at o'clock, London time, the Moon coincided with the star, 
but now she is 6° lO' from the star ; therefore, since she describes 12P per 
day, or SO' per hour, it follows that at the time of observation it is 12^ zGT 
London time — ^for 

6® corresponds to 12'» 0" 0* 

10' „ 0^ 20"* 0* 

Total 12^ 20" 0* 

Hence the London time is determined. 

We have then the following calculation for finding the longitude of the 
place of observation : — 

Time at place of observation 2'' 0" 0* 

Correspondmg London time 12** 20" 0* 

Difference 10»» 20" 0' 

Hence the time at the place of observation is lO** 20" behind the London 
time, and therefore 

P : 10»» 20" : : 16^ : longitude of place. 

Whence the longitude of the place is 

156° west. 

461 Li the foregoing example we have assumed that the* motion of the 
Moon is perfectly uniform, in order to explain more simply the principle upon 
which the methoa of finding the London time, and thence the longitude of 
any place, by means of the Moon's proper motion, depends. The Moon's 
motion is, however, very variable, but astronomers have determined the nature 
and law of that variation with ^at exactness. They can therefore make due 
allowance for every inequality m the Moon's motion, and employ it to deter- 
mine the longitude with the same exactness as if it was perfectly invariable. 

462 Method qfjindinff the Lon^tude Inf Transits qf the Jlfoo».— This 
method is founded upon the principle just explained, and is in fact the simplest 
way of applying it in practice. It consists m observing with a transit instru- 
ment ana chronometer the times at which the Moon and a fixed star cross the 
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meridian at the place of observation, and so determining the interval of time 
between tiie two transits. The interval thus found is compared with the 
inteinral between the two transits as seen at London, which can be easily 
calculated fix>m tables given in the Nautical Almanafik ; and the comparison 
immediatelj sbows the London time at which the two transits took place 
when seen by the observer. The London time being thus found, of course 
(iie longitude follows, as we have ezplamed. 
For example, suppose the following case : — 

Observed interval between the two transits . . . 12"* 6' 
Interval at o'clock, London time, given by the 

Nautical Almanack 18" 6* 



Difference 6" 0' 

Now, suppose that we find from the Nautical Almanack that a change in 
the Moon's nght ascenedon, amounting to 6" in time, takes place in 3^ 4^ 2' ; 
then it follows, that when the observer sees the Moon's transit, the London 
time is 

Whence the louj^tude may be found. 

463 Lu/nar method. — ^The method of finding the lon^tude which we have 
just explained, is called the method of Moon Culminatffy Stars, because it 
ooiudsts in observing when the Moon and certain convement stars come on 
the meridian, or culminate. There is another method of finding the longitude, 
which is usually called the Lunar Method. It consists in observing the 
distance of the Moon from some convenient fixed star, and it depends upon 
the principle just explained. The instrument employed in this method is one 
specially adapted for observing on board ship, called Hadley's sextant. A 
mathematical calculation is required to obtain me longitude, and the observa- 
tions must be corrected for renaction and paraUax. On the whole, it is much 
more complicated than the method of Moon culminating stars : but, since a 
transit instrument could not be employed on board ship, the latter method 
cannot be employed at sea. 



CHAPTER IX. 



THE ALTITUDE AND AZIMUTH INSTEUMENT— HADLEY'S 
SEXTANT— EEFRACTION AND PAEALLAX. 



TT7E have dwelt at some length on the transit instrument, because of its 
*y great practical utility, ana the simplicity of its details and adjustments; 
besides, a knowledge of the method 01 using it is valuable, because other 
instniments are adjusted on exactly the same principles, and by similar 
eontrivances ; so tliat one who understands the tiansit mstrument well, may 
be said to understand a good deal about astronomical instruments in general. 
We have now only space to say a very few words respecting two other very 
important astronomical instruments — namely, the AUUude and Azimuth 
Inttrwnent and Hadley's Sextant. 

I. The Altitude and Azimuth Instrument. 

46^ This instrument consists of a telescope C A, ^. 140, of exactly the 
same description as that in the transit instrument, capable of turning round 
a horizontal axis, the pivots of which rest on two Y's, which are fixed on two 
Tertical pillars, one of which, PE, is represented in the figure. In fact, the 
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IW.140 A^^^ telescope, axis, pivots, and pillars, are preciflely 

'^^^ the same as in tke transit instrument, only the 

axis is generally shorter, and the pillars axe 

closer together. 

D^^ — :^— ->/ The stand to which the two pillars are fixed 

is a drcolar horizontal piece of metal, capable of 

moving round its centre about a vertical axis. 

This vertical axis is supported by another dr- 

P ^V^ Y ^ cular piece of metal, which rests on three foot 

M(,®j^ ^. y_ — ^ )$/^ screws, like the base of the transit, as we have 

L— jy /n above described it. 

So far, then, the altitude and azimuth instru- 
^^^>s^4 \^^^^ ment is nothing more than a transit instrument, 

E whose piUars, mstead of being immoveable, are 

capable of moving round a vertical axis ; thus 

the telescope has a motion about a horizontal 

^ ^^ ) axis, and that axis has another motion about a 

- I vertical axis. The telescope, or rather the line 

y— — 1 y of ooUimation, moves in a vertical plane, and the 

r \ axis of the telescope moves in a horizontal plane. 

^TT TT \ I The former is called a motion m altitude, because 

TT "^ "u it measures tiie altitudes of heavenly bodies; 

the latter is called a motion in azimutk, because 
it measures their azimuths; and hence the name Altitude and Azimuth 
Instrument* 

The telescope has a graduated vertical circle, D E F, fig. 140, attached to 
it, which is called the altitude circle; and the vertical axis, about which the 
pillars turn, has a graduated horizontal circle attached to it, which is called 
the azimuth circle. Both these circles are correctly centred, at least as 
correctly as possible, that is, the centre of the gra duated circle is also the 
centre of motion about whidi the circle turns. We shall not have time to 
say anjrthing here respecting the azimuth circle, but we shall confine our 
attention aUogether to the altitude circle; in fact, we shall consider the 
instrument merely with reference to its use in measuring the altitudes of 
heavenly bodies. 

466 The graduations are read off by means of two readingmicroscones, 
M and N, fixed at opposite extremities of a piece of metal, M F 19*, whi<m is 
attached to one of tne pillars at P. We need not say much respecting 
microscopes, as we have already fuUy explained the nature and use of the 
microscope employed to read off the graduations of a circle. (See Articles 
373—382, &c.) 

In small instruments these microscopes are simply emploved to magnify 
the graduations, which are read off by verniers, (see Aracles 383, &c.,) at 
M and N. They are always placed exactly opposite each other ; in other 
words, the line joining the zero point or index point of each vernier or 
microscope passes through the centre of the graduated circle. The object of 
this is to correct anv error of centering that may exist in the circle ; for it is 
easy to see that, if tne centre of the graduated circle does not exactly coincide 
with the centre of motion, the graduations will not correctiy inoicate the 
motion of the telescope in altitude. But whatever error maybe made on one 
side, at M, for instance, it is clear that exactly the opposite error will be 
made at the opposite point N: so that, if the reading at M gives the altitude, 
say icy too great, the reading at N will give the altitude 10" too small. 
Suppose, then, the following case : — 

True altitude 35° 20' 17" 

Altitude by reading at M 35° 20' 7" 

Ditto „ N 35° 20' 27' 

Half sum of two readings 35° 20' 17" 
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Whence it appears that half the smn of the two erroneous readings at M and N 
18 the true altitude ; and this, it is easy to see, will always be tne case. The 
use of a pair of micro8co{)eB to read off at opposite points of the graduated 
circle is therefore obvious, inasmuch as it is extremely difficult, in making an 
instrament, to avoid all error of centering. 

467 In larger instruments there are often as many as three pairs of 
reading microscopes, in order to attain greater accuracy. All these micro- 
scopes are read off at each observation, and the mean, or average, of the whole 
set of readings is taken : in this way considerable accuracy is secured, for 
not only are tne consequences of erroneous centering thus obviated, but also 
errors of graduation, that is, errors committed by the instrument-maker in 
engraving the graduations are made in a great measure to balance and destroy 
eadi other. 

468 The graduations of the a2dmuth circle are read off in a similar 
manner, either by verniers or reading microscopes. Both circles may be 
either turned by the hand or by means of certain fine screws called tangent 
ierews. A tangent screw is a screw which gives to a graduated circle a verv 
deHcate motion, and so enables the observer to make his observations witn 
greater ease and certainty than he could otherwise do. The tangent screw 
may be made to act upon the graduated circle at pleasure, by means of what 
is called a clamping screw. When the clamping screw is tightened, the 
tangent screw acts upon the circle; but when the clampmg screw is 
relaxed, the tangent screw produces no effect, and the circle may be turned 
round fredhr by the hand. 

469 There are horizontal and vertical wires in the focus of the telescope, 
which, as in the transit instrument, determine the line of coUimation by 
their intersection. These wires are moveable by means of screws, and are 
adjusted in their proper positions in a similar manner to that described in 
Chapter VII. 

n. Ad^'iMtments, cmd Method, qf Observing vsith the Altitude and 

Azimuth Instrument. 

4^0^ Adjustments, — Havinff so Ml^ described the adiustments of the 
transit instrument, which are tne same m kind and principle as those of the 
instniment we are at present considering, we must not dwell upon this 
subject here. The axis of the telescope must be levelled, bj means of a 
level and tbe principle of inversion, as m the transit ; the vertical axis about 
which the azimuth circle turns must be truly vertical, and both axes must be 
at right angles to each other. All these conditions of good adjustment are 
Batisned if, when a level is placed upon the pivots, and the instrument turned 
ahout its vertical axis, the bubble keeps steadily in the same position, even 
when the level is reversed. If no alteration is made in the position of the 
bubble, eitber by reversing the level, or turning the instrument round its 
vertical axis, we may be sure that the vertical axis is truly vertical, and the 
axis of the telescope trulyhorizontal. 

471 Index Error. — ^This is an error affecting the verniers or reading 
microscopes, or the position of the telescope with reference to the graduated 
circle, but as it is entirely destroyed by a method of observing whicnwe shall 
now explain, it will not be necessary to say anything about it. 

472 Method of observing Altitudes by JReflection.'^ThiS method consists 
in observing the altitude of a star or heavenly body directly and by reflection 
m a trough of mercurv, in the following maimer : — 

Let A C B, fi^. 142, represent the telescope of the altitude and azimuth 
instrument pointmg towards a star in the direction C S ; let P Q be the 
still surface of some mercury in a trough, placed somewhat below, and in 
front of, the instrument ; let A' G B' represent the position of the telescope 
when it is made to point towards the reflection of the star seen in the 
mercury, in the direction C S' ; and let D be a horizontal line. 
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Fig 14a 



Then, by the laws of re- 
flection, the line S' will 
be as mneh inclined below 
the line C D (which is pa- 
rallel to F Q, both being 
horizontal) as C 3 is in- 
clined above G D ; and 
therefore the anffle SCS' 
will be donble me angle 
S C D. Now the angle 
S C D is the angle of alti- 
tude of the star aboTe the 
horizon, since C D is a ho- 
rizontal line. Hence, the 
correct altitude of the star 
is half the angle made by 
the lines C S and C S^ which 
are drawn respectiyely to 
the star, and to ita image 

or reflection in the mercury. 

Let us now suppose the following case, with reference to the two positions, 
A C B and A' C B^of the telescope. 




telescope. 

Beading given by vernier in first position 
Ditto ,. ,. second ditto 



29° 
99° 



Difference 70° 

This difference is evidently the angle S C S', and therefore half this difference, 
35°, is the altitude of the star. 

But suppose there is some error in the position of the vernier or telescope, 
which makes the first reading 33° instead of 29°, and of course equally affects 
the second reading, malting it 103° instead of 99°; then the case wfll stand 
as follows : — 

Beading in first position 33 

Ditto second ditto 103° 



Difference . . 
And therefore altitude — 36° 



Fig.1^3 



. 70° 



Hence it appears that an index error, that is, an error in the position of the 
vernier, or m that of the telescope on the graduated circle, does not aflfect 
the result of an observation according to this method. It is generally in this 
maimer that altitudes are taken by means of the altitude and azimuth 
instrument. 

473 Artificial Horizon. — The artificial horizon 
is a small vessel or trough of wood, roofed in, as 
it were, with glass, in order to prevent the wind 
from disturbing the surface of the mercury. 
A D E C, fiff . 1&, is the trough for containing the 
mercury. A B C is the roof; F, and the opposite 
slanting side, which does not appear in the ngure, 
being glass. This is a necessary instrument, when either an altitude and 
azimum instrument, or a Hadley's sextant, which we shall soon describe, is 
used. It is made to be portable, and is rather more expensive than a pur- 
chaser generally expects, on account of the importance of having the glass 
roof made of accurately polished plates of glass. The mercury ought S) be 
illowed to run into the trough through a very small hole, in order to clear 
she surface of the scum which will otherwise obscure it. 
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III. Uses of the Altitude and Azimuth InstrtMnent, 

474 We can only very briefly touch upon this part of the subject. We 
shaQ suppose the instrmnent to be placed in the plane of the meridian, that is, so 
tJiat the line of collimation of the telescope may move in that plane ; and this 
may be done exactly in the same manner as in the case of the transit 
instroment, as above explained; only the axis of the telescope is moved 
horizontally by means of the tangent screw of the azimuUi circle instead of 
bj moving the horizontal Y by a screw^ as in the transit instrument. The 
instrnment thus placed is equivalent to what is called the Mural or Meridiem 
Circle in large observatories. 

Altitudes of heavenly bodies observed by means of the instrument thus 
placed are called Meridian Altitudes, 

475 ^ determine the Latitude h^ 

olterving the Meridian Altitude of a Rgl4* * 

heavenly hod^ whose decimation is known, ^ 

-Let A Z E B F (fig. 144) be the Meri- ^ 

dian, A B the Honzon, E F the Equator, 
8 the heavenly body on the Meridian, 
and Z the Zenith. Then B S is the 

meridian altitude of the heavenly body, 

and this is supposed to be observed by ^' ^^ ^"^ 

means of the altitude and azimuth instru- 
ment. Therefore Z 8, which is the com- 
plement of B S, is known. But E S is 

the declination of S, which is also known, n^ y^ *>' 

and EZ is the latitude of the place. 
Hence, by adding Z S and E 8, both of 
which are known, we find the latitude. 

Thus, if tiie observed altitude be 60° KV, and the known declination 
2(P 15', we have— 

Bz ... 90° o: 

Subtract B 8 . . . 60° lO' 

29° 50' which gives Z 8. 
Add ES. . . . 20° 16' 

60° 5' 
which gives E Z, or the latitude required. 

476 lb determine the L(Uitude hy oh- S 
serving an u/nhnown cvrcumpola/r Star, — "8* *^ ^^^ ■ ^>.^ p 
Let APB (fig. 145) be the Meridian, P y^ \ 
the Pole, 0' T 8 the circumpolar circle /^ \ ^ g^ 
described by the unsown star crossing , / T 
the Meridian at 8 and 8', and A B the 
Horizon. Thenlet the meridian altitudes 

S A and S' A be observed, and added to- b \ )a 

gether, and the sum found will give PA, 
the altitude of the Pole ; whence the 
latitude, which is equal to the altitude 
of the Pole, is known. 

For example, let the observed meri- 
dian altitudes be 79° 14' and 49° 30' 5 
then we have— 

8 A 79° 14' 

8'A 49° 30' 

Adding 128° 44' 

Half of which is 64° 22', which is the required latitude. 
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The reason why P A is half the sum of S A and S' A is, because P is half 
way between S and S', therefore S A exceeds P A by the same quantity that 
B' A falls short of P A, and therefore S A and S' A added together must just 
make double of P A. 

477 These results must be corrected for refraction, and sometimes for 
other errors, as we shall briefly explain, and hence it is that tiiese methods of 
finding ihe latitude are not by any means so simple as they appear to be. 

rV. Kadley^s Sextant, 

478 This instrument is inyaluable where the obserrer is not able to use 
fixed instruments, as, for instance, at sea. It consists of a stout fraone D A C, 

p. . ^g fig. 146, of a trian^ar (or rather, secto- 

*^ y'-^hP ^'^ shape, of which A B is a flat gra- 

duated circular arc, generally a sixth part 
of the whole circumference, (whence the 
name sextant,) but often it is a fourth 
part or quadrant. D B is an arm which 
moves about a centre— namely, the centre 
of the graduated arc ABC. The end B 
of this arc moves in close contact with 
the graduated arc, and carries an index 
and Vernier by which the graduations 
are read off. (See Article 383, &c.) S is a 
tangent screw, which, being turned, causes 
the arm D B to move very slowly ; and 
T is a clamping screw, wHcn, being tight- 
ened, causes the screw S to act on the 
arm, but, when relaxed, the arm may be 
moved freely by the hand. 
Perpendicular to the plane of the graduated arc A B C, in which plane the 
arm D B moves, are two mirrors E and D, one fixed at E on the side D C of 
the frume, and the other attached to the arm at D, immediately over the 
centre roimd which ti^e arm turns. The mirror E is immovable, but the 
mirror D moves with the arm D B. Both are plane mirrors of silvered glass, 
but E has this peculiarity, that the upper hali of the silvering is rubbed off, 
so that E is partly a reflector and partly transparent. 

F is a telescope fixed on the side D A of the frame, and pointing directly 
towards the hal^siLvered mirror E. Behind the instrument is a hmdle (not 
shown in the figure). By this handle the instrument is held in the right 
hand, the left being used to move the index arm D B, or turn the screws 
S or T. 

470 When the instrument is in proper adjustment, and the arm D B is 
moved till its index B is at ike zero of the graduated arc ABC, which zero 
is near the point A, then the two mirrors B and E are so placed as to be 
exactly parallel to each other. 

480 Principle ofKadUy's Sextomt — ^Let ADC, fig. 147, represent the 
principal lines in fig. 146 ; A B C being the graduated arc, E the half-silvered 
mirror, D the moveable mirror on the index arm, B the index, A the zero 
point of the graduated arc, F the place of the telescope. Suppose S D E F 
to be the course of a ray of light, which, falling on the mirror D, is reflected 
to E, and thence again reflected towards the t^escope at F, through which it 
passes to the eye. We may observe here, that the telescope is always so 
placed that the lines F E and D E make equal angles with the mirror E ; 
and then, by the law of reflection, a ray falling on the mirror E, in the 
direction D E, is alw^s reflected in the direction E F. 

Furthermore, let H E be another ray of light, which, falling on the un- 
silvered part of the mirror E, passes straight through the telescope at F to 
the eye. 




hadlet's sextant. 
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Fig. 147 




5> 



Then it may be proved 

geometricaJly, from the 
^w of reflection, that the 
an^le ADB is always 
hm of the azigle at which 
the two rays SD and HE 
are inclined to each other; 
80 that double the number 
of degrees in the graduated 
arc A B is the angle which 
the ray S D mfOces with 
the ray H E. Now, the 
arc AB C is not graduated 
in the usual way /out every 
half degree of it is repre- 
sented as a whole degree, 
80 that there would be 
twice 360 degrees in the 
whole circumference if 
completed. This being the 
case, it is evident from 
what has been stated, that the number of degrees from A to B shows the 
angle at which S D and H E are inclined to each other. For example, if 
the index B points to 20°, the rays SB and HE make angles of^O'^with 
each other. 

Now, if S and H be two distant objects, two stars for instance, from which 
these rays come, it is dear that to the eye S will appear to be in the same 
place as H, for the rays of light which come from S will, by the two reflections 
at D and E, enter the telescope in the direction E E, in which direction the 
rays from H also enter ihe telescope. Whence it is evident, from the expla-* 
nation we have given of the nature and action of the telescope, that both sets 
of rays will be mixed bv the telescope, and enter the eye just as if they came 
from one object. To the eye, therefore, looking through the telescope, Swill 
appear to coincide with H. 

Hence we may state the principle of Hadley's sextant as follows : — When 
the telescope is directed towards a star H, and the index arm is moved till 
another star S is seen to coincide apparently with H ; then, the number of 
de^es, minutes, and seconds shown oy the index B on the graduated arc 
AG, gives the angular distance of the star S from the star IG^ that is, the 
nnmber of degrees, minutes, and seconds between S and H on the celestial 
sphere. 

481 Method of observing with JECadletf's Sextant, — Suppose we wish to 
observe the angular distance between two stars S and H. Holding the in- 
Btnunent by the handle in the right hand, and the plane of the instrument 
(that is, the plane D A C, fig. 14i7,) as nearly as possiole in the plane in which 
the two stars are situated, oirect the telescope towards the lower star H, and, 
holding the instrument as steadily as possible, move the index arm back- 
wards and forwards with the lefb hand till the other star S appears in the 
field of view. The moment the two stars are, as it were, thus caught in the 
field of view, tighten the clamping screw T, and then turn the tangent screw 
until the star S appears to come exactly imto the same place as H, so that 
both seem to be coincident with et^h otner. When this is done, the observa- 
tion is made, and the observer has only to look at the index B, which, with 
the help of the vernier, will show in degrees, minutes, and seconds, the an- 
gular distance between the two stars. 

482 Adjustments of Sadley's Sextant, — ^We shall only mention here the 
adjustments which it is always necessary for the observer to attend to, which 
are eflected by means of two screws at the back of the instrument, close under 
the half-silvered mirror E, and by a screw at the back of the index mirror D. 
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Of the two former screws, one alters the inolmstionof thehalf-tilTtfedimirar 
to the plane of the instrument, that is, the plane A B D, fig. 147 ; and tiie 
other alters the inclination of the half-silvered mirror to tl^ index mirror. 
Tliese two screws have milled heads generally, and may be turned hj the 
hand. The screw at the back of the index mirror D alters the inclination of 
that mirror to the plane of the instrument. This screw has not a milled 
head, and must be turned by a screw driyer, for this reason, that it ought 
to be meddled with as little as possible. 

When the instrument is properly adjusted, both mirrors should be per- 
pendicular to the plane of the instrument, and they should be exactly parallel 
to each other when the index B is at the zero of tne graduated arc A 0. 

483 AdftutmetU of the JSa^- Silvered Mirror. — ^Bnng the index B to the 
zero of the s^raduated arc, making it exactly coincident with the zero by 
tightening the clamping screw T, and then usmg the tangent screw S. Then, 
holding the instrument by tiie handle, direct the telescope towards a distant, 
well-defined, small object, (it must be a distant object,) say, for instance, a 
bright star. On looking through the telescope, the observer will see the star 
double if the adjustments be not perfect, one ima^e being formed by theray^s 
which come through tiie unsilvered half of the mirror £, and the other by 
the rays which fall on the mirror D, and are reflected by the silvered half of 
E to the telescope. 

Let the observer now turn in succession the two screws which adjust the 
mirror E, and he will perceive that one of these screws makes one of the 
images appear to move at ri^ht angles to the plane of the instrument, and 
the other m that plane. All that he has to do m order to adjust the mirror 
is, to make the two images of the star exactly coincident with eadli other, by 
turning one or both the adjusting screws, as the case may require. "When 
he sees the star single, then the adjustment is complete. 

484 Adjustment if the Index Mirror, — This adjustment should be done 
by the instrument maker, and the observer ought to be careful not to disturb 
it by rough handling, or meddling with the screw. 

But, should necessity require it, the adjustment of the index mirror is 
efiected by turning the screw (or screws) at the back of it, till the following 
condition is satisfied. 

Let the observer hold the instrument before him ui a horizontal position, 
and in a level with his eye, having the index mirror D next his eye, and the 
graduated arc A B C away firom him. On looking in the index mirror, as he 
wus holds the instrument, he will see the portion B C of the graduated arc 
reflected ; he will at the same time see the arc B C itself. In fact, the arc 
B C, and its reflection in the mirror D, will appear to unite at B, and form 
one continuous arc. Now, the condition of perfect adjustment is this. — The 
arc B C and its reflection must not appear bent or broken at the place where 
ihej seem to unite, but they must appear to form one unbroken graduated 
sunace, so that the reflection of the arc B C may look as if it was really the 
continuation of the arc B G itself. 

This condition bein^ satisfied, the observer may be sure that the index 
mirror is truly perpendicular to the plane of the instrument. 

485 If this condition appears to be satisfied into whatever position we 
luove the index arm D B, the axis, round which the arm turns at B, must be 
truly perpendicular to the plane of the instrument, and so far the instrument 
must be a ^ood one. It requires a little practice, however, to see whether 
this condition is accurately satisfied or not. But extreme accuracy is not 
necessary in this adjustment. 

486 Daa*k Glasses^—There are always a set of dark coloured glasses near 
the two mirrors D and E, which may be placed before them or not at pleasure. 
The use of these glasses is to destroy the excessive glare of the Sun, when it 
is necessary to make an observation upon him. 
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V. Uses ofKaMey's Sextant, 

487 Hadley's sextant may be iued to observe the angular distance 
between two heavenly bodies in the manner we have explain^. Thus, the 
Moon's distance from a fixed star may be observed, and tue longitude thence 
detennined, according to the method we have explained. 

This is a peculiany valuable method at sea, as Hadley's sextant is the 
only instrument that can be used for measuring angular distances on the 
unsteady deck of a ship. The observer at sea of&n lies on his back, in order 
to manage the instrument with greater ease and steadiness. 

488 Observation qf Altitudes by means qf Madley^s Sextawt.^^Jf it be 
necessary, as it continually is, to observe the Sun's altitude at sea, the 
observer directs the telesoone of the sextant towards the visible horizon (that 
is, the extreme boundary of the sea, where it appears to touch the sky,) hold- 
ing the instrument in me same vertical plane with the Sun, as nearly as he 
can judge. He then makes the Sun appear in the field of view, and, by the 
tangent screw, in the manner already described, causes the image of the Sun 
jnst to touch that of the sea. In this manner he finds the angular distance of 
the Sun from the visible horizon — that is, the Sun's altitude above the visible 
horizon. 

489 But since the visible horizon at sea is a little below the real horizon, 
in consequence of the observer being at some elevation above the surface of 
the sea, there must be an allowance or correction to obtain the true altitude 
of the Sun above the horizon. This correction is called the correction for 
the dip of the horizon. The manner of making it is explained in treatises on 
Nautical Asti*onorMf, 

490 Altitudes on land are observed by the aid of an artificial horizon. 
(See Article 473.) The telescope is pointea at the imaj^e of a heavenlj body 
seen by reflection in the trough of mercury, and the heavenly body itself is 
brought into the field of view Dv moving the index arm, and made to coincide 
exacSy with the image seen in the trou^ of mercury by means of the tangent 
screw. In this maimer, the angular distance of tne heavenly body from its 
image refiected in the trough of mercury is determined, and half that angular 
distance is the altitude of the heavenly body above the horizon, as we liave 
explained in Article 472. 

491 Determination of the Latitude of a Place by Madlev*s Sextant. ^^ 
We have already explained how the latitude of a place is founa by observing 
meridian altitudes. For this {purpose, the graduated circle witii which we 
observe must be placed exactly in the plane of the meridian. Now, this we 
cannot do with Hadley's sextant, inasmuch as we hold it in the hand, and 
therefore cannot be sure whether it is exactly in the meridian plane or not. 
To obviate this difficulty, meridian altitudes are observed by means of 
Hadley's sextant in the following manner : — 

The observer makes as good a ^ess as he can at the position of the meri- 
dian, either by means of a magnetic compass, or the pole star, or otherwise ; 
and he commences his observations on the heaveniy body whose meridian 
altitude he wishes to determine, a short time before it comes on the meridian. 
He observes several altitudes of the heavenly body in succession at short 
intervals, which he finds to increase for a certain time, and then to diminish ; 
for the heavenly body culminates, or attains its greatest altitude, when it 
comes on the meridian. Hence, the observer has only to select the greatest 
of the altitudes he has observed, and that cannot diner materially from the 
meridian altitude, if the observations have been made quickly one after the 
other at the time when the observer perceives the altitudes to increase very 
slowly and then begin to diminish. 

Tiiere is, however, a simple mathematical rule, called the Eule of Inter- 
polation, by which the observer may determine the exact meridian altitude, 
and the time of transit across the meridian, from a few altitudes observed 
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every five minutes or bo about the time when the heavenly body comes on 
the meridian. In this manner, Hadley's sextant may be used with consider- 
able accuracy to determine the meridian altitude and time of transit of a 
heavenly boay. 

493 The ^atest altitude of a heavenly body is easily determined by 
gradually tummg the tangent screw, so as to keep the body and its reflected 
image in contact as long as the body is ascending, and ceaaing to turn the 
screw as soon as the body appears no loziger to ascend. The reading given 
by the index will then be the greatest altitude of the body. It is important 
to observe, that though the greatest altitude may be thus found with 
tolerable accuracy, the time of we bodjr's transit over the meridian cannot 
be found with any degree of exactness in this way, as a Httle consideration 
will show. 

403 Hence the time at any place may be determined by means of 
Hadley's sextant, by observing the time of transit of the Sun, or any other 
heavenly body whose right ascension is known. (See Article 4M, &c.) Thus 
Hadley s sextant may supply the place of a transit instrument ; it is not, how- 
ever, to be compared with a transit instrument as regards accuracy in deter- 
mining the time of transit. 

494 We may observe here, that when we speak of the altitude of the 
Sun, we mean the altitude of his centre, and therefore when we make the 
Sun's lower limb appear just to touch the sea, we take the altitude of the 
Smi's lower limb, and not of his centre. It is necessary to correct this error, 
which is often done by means of a table in the Ephemeris, or Nautical 
Almanack, which gives the number of degrees, minutes, and seconds, in the 
Sun's apparent semi-diameter, which must be added to the altitude of the 
lower hmb, in order to give the altitude of the centre. 

Sometimes the altitudes of the upper and lower limbs are observed, 
lialf the sum of which irill be the altitude of the centre. 

495 The same remarks apply to the Moon, but, one side of the Moon 
being generally dark and inoistmct, the second method does not always 
apply, and therefore the altitude of the Moon's centre must be found by 
ODserving the altitude of the enlightened limb, and adding or subtracting the 
semi-diameter, according as the enlightened limb is lower or upper. 

The apparent semi-diameter must be given in the Almanack, because it is 
a variable quantity, being greater or less according as the Moon or Sun is 
nearer or farther off. 

496 We have alluded to the astronomical corrections in two or three 
places already, and explained in a former chapter the causes of some of them. 
Two of them are optical, arising respectively from a real and an apparent 
deviation of the light, which comes from a heavenly body to the eye, irom its 
rectiUneal course. Another correction arises from the observer's change of 
position, which produces a corresponding apparent change in the positions of 
the Sun, Moon, and planets, the stars beinff too far off to be affected by it. 
Lastly, the correction for Precession and ^mtcUion is due to the actual motion 
of the Pole caused by the attractions of the Sun and Moon on the Earth, 
whose deviation from a perfectly spherical shape, combined with its rotation, 
caused the Pole by these attractions. We have only space to allude briefly 
to one of these corrections — ^indeed, the full explanation of them would 
require too much mathematical information on the part of the reader to 
admit of saying much about them here. 

497 We have already explained the manner in which the refraction of light 
takes place when it comes from a heavenly body to the eye, by the refractive 
power of the atmosphere. This refraction always makes a heavenly body 
appear higher up than it really is, and that in a greater degree accoroing sa 
the body is nearer to the horizon. A body in the zenith is not affected by 
refraction ; at 45° from the zenith it is elevated about I' by refraction, and at 
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the horizon as much as 83'; so that the amotmt of refraction increases rapidly 
towards the horizon. 

498 The density of the atmosphere, as is well known, is continnally 
changing, in consequence of the contmnal yariations of pressure and tempera- 
ture which, from yarious causes, are always taJdng place at the earth's sur- 
face. The barometer is an instrument which measures the pressure of the 
air, and therefore its density, proyided we take proper account of its tem- 
perature. Now, the refractiye power of a transparent substance increases 
with its density, and the atmosphere is no exception to this rule. Hence, 
the indications of the barometer must always be oSseryed before we can make 
a correct allowance for the atmospheric refraction. 

It appears that the refraction of the atmosphere mainly depends upon its 
density, and that it yaries yery little in consequence of changes of tempera- 
ture or humidity. 

409 Since refraction always makes heayenhr bodies appear to be higher 
up tnan they really are, the correction for refraction must always be sub- 
tracted from the obseryed altitude of a body in order to find its true altitude. 

The following formula giyes the amount of the correction for refraction of 
a heayenly body not far from the zenith : — 

Let z DO the obseryed or apparent zemth distance of the body, and r the 
correction; then 

r = 67" X tan. z, 
and the true zenith distance ibz -^ ri 

that is, in order to find the true zenith distance, as far as refraction is con- 
cerned, multiply the tangent of the observed zenith distance by 67", and the 
result added to the observed zenith distance will give the true. 

This supposes the barometer to stand at its mean elevation, about 29^ 
inches, and the thermometer at the mean temperature, about 60 Fahr. If 
this be not the case, we must multiply the above formula by the quantity 

^:« to correct for the barometer, and moreover by the quantity ^^^ 

to correct for the thermometer : h being the height of the barometer in 
inches, and t the degree of the thermometer, (Fahr.) The formula for r will 
therefore be — 

mtmll h 600 , 

*• = 6'" >< 29^ ^ 460+1 "^ *^ *• 

Furthermore, if the body be not near the zenith, instead of tan. «, we 
must put tan. (z — 230" tan. z) ; that is, the formula for r will be*- 

♦• = 67" X sA X 7P^^ X tan. (« - 230" tan. z.) 
29*6 450 -h < 

This formula is nearly coincident with one ffiven by Bradley, only it has 
230" tan. z, instead of 3 X 67" X tan. ii;, as in Bradley's formula. 

The rule, then, for finding r is as follows : — ^Multiply the tangent of the 
observed zenith distance {z) by 230", subtract the result from z, and find the 
tangent of the remainder, which multiply by 67". The quantity thus obtamed 
must be multiplied by the heieht of the barometer (ft), and divided by 29*6 ; 
also, it must be multiplied By 600, and divided by the temperature (t), 
increased by 460. The final result thus obtained is the value of r, which 
must be added to z, and the true zenith distance is thus obtained. 

This is the only correction necessary if the heavenly body be a star ; but if 
it be the Moon, another correction, nSHedi parallax, must ue applied : of this, 
however, we cannot speak here. 

For the sake of the reader who does not understand what a tangent is, 
we give the following short table, in which the tangent for every degree is 
given. By this table he may calculate the value of me refraction. Practical 
men generally find the refraction, not by a formula, but by a table of refrac- 
tions, in which the value of the quantity 67" tan. (z — &0" tan. z) is given 
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for all the valaes of 2; between 0° and 60^. The asxgles are ghren in degrees, 
and the tangents to three decimal places, which is sufficient for the proBeni 
purpose. 



Angle. 


Tangent. 


Angle. 


Tangent. 


Angle. 


Tangent. 


1 


•017 


21 


•384 


41 


•869 


2 


•036 


22 


•404 


42 


•900 


3 


•052 


23 


•421 


43 


•933 


4 


•070 


24 


•445 


-44 


•966 


6 


•087 


25 


•466 


45 


1000 


6 


•105 


26 


•488 


46 


1036 


7 


•123 


27 


•510 


47 


1-072 


8 


•141 


28 


•532 


48 


1111 


9 


•158 


29 


•554 


49 


1-150 


10 


•176 


30 


•577 


50 


1192 


11 


•194 1 


31 


•601 


51 


1-235 


12 


•213 


32 


•625 


52 


1-280 


13 


•231 


33 


•649 


53 


1-327 


14 


•249 


34 


•675 


54 


1-376 


15 


•270 


35 


•700 


55 


1-428 


16 


•287 


36 


•727 


56 


1-483 


17 


•306 


37 


•754 


57 


1-540 


18 


•325 


38 


•781 


58 


1-600 


19 


•344 


39 


•810 


59 


1-664 


20 


364 


40 


•839 


60 


1-732 1 
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NEITKEB the nature of the present work, nor the space to which we 
must limit oorselves, permits our treating in extenso of Chartography ; a 
subject which, if fully developed, would of itself fill a large vwume and 
require a great many plates. We must accordingly confine ourselves to a brief 
notice, in which, however, we will endeavour to give all the information we 
can, consistently with a popular work like the present. 

By Chartography, in its widest sense, is understood the construction and 
dehneation of maps, charts, and plans, no matter for what special purpose, 
ttp<Hi what projection, or on what scale. The direct object of maps is to 
represent the wnole or some portion of the Earth's surface; but as this surface 
is spherical, it is evidently impossible to reduce it, or any part of it, to a flat 
surface, without a ^eater or less distortion of its details : whence it follows, 
that the only way m which the Earth can be accurately fi[gured is by a globe ; 
and even then the elevations of the surface cannot be shown in their proper 
rehef, as the highest mountains woidd be less than the thickness of the paper 
on an eighteen-mch globe. 

Tebbestbial Globb. — ^An artificial globe is a miniature representation of 
our planet, with its grand divisions of land and water, and on which all the 
regions of the Eartli may be correctly laid down as regards position, form, 
area, and distances. We do not mean to say, that even on the best globes 
everything is mathematically correct, for we are far from possessing the 
exact latitudes and longitudes of aU places on the surface of the Earth, and 
until we have these, the position of many places, even on the most' perfect 
globes, must be regarded only as approximations to truth. But as far as 
positions are determined, they may be more exactly represented on a globe 
than on any map. The ordinary size of globes, however, does not admit of 
much detail, and although very larffe globes have been constructed, they are 
rather objects of curiosity tlian of practical utility. Even a four-foot globe 
takes up a great deal or room, and is only fit for large Hbraries or public 
teaching. In very large globes, again, any small portion of the surface has 
BO Httle convexity, that if the country contained m such portion were pro- 
jected on the plane surface of a map, the forms would hardly be distorted, 
and the relative distances of places so near the truth, that the globe, in such 
case, would, as far as such country was concerned, ofier no great practical 
advantage. Globes are, nevertheless, very desirable, both as conveying, 
upon simple inspection, a much more correct notion of the true forms of 
regions, and the relative positions of places, than can be done by maps, and 
as enabling us to solve a great many interesting problems : the best adapted 
for general use are of eighteen inches diameter. 

The most accurate globes are those on which the details of the surface are 
drawn upon the globe itself directly, and this is always done in very large 

globes ; but such are, of course, very expensive. The usual mode is to cover 
[le globe with a map constructed and engraved e^roressly for the purpose, in 
a number of separate pieces or slips, calledyore* (in Frencn,yw*eawar), generally 
twelve, fifteen, or twenty-four, bounded each by meridian lines, and termi- 
nating at the North and South Poles, or at the Arctic and Antarctic circles, m 
which latter case, two circular pieces are required for the two frigid zones. 
As each gore is a fiat surface, it can be made to coincide with the convex 
surfiice of the ^lobe only by the {>aper itself yielding or stretching, and it will 
be easily conceived, that the pasting on of the paper, so that each separate 
gore shall exactly meet without tearing^presentmg folds, or overlapping, is a 
very difficult and delicate operation. When the pasting is dry, tne globe is 
coloured and varnished, and then mounted. There are various ways ofsetting 
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up a globe; the most tumal is to fix it within a brazen meridian, set in a hori- 
zontfll firame, called the wooden horizon, and as the moontmg requires as 
mnch care as is necessary for pasting the map, we are not to be surprised if 
many |;lobes are very imperfect, a fact of so moch the more importance as a 
globe IS useless imless it be perfect in aU respects. We therefore reconmiend 
to every one who wonld possess a really good ^obe, to examine it well before 
pnrchasnig. The characteristics of a penect ^obe are as follow:-^ 

1. All the meridional edges of the slips or gores mnst ioin so perfectly as 
to form continuous fine circtes, neither overlapping nor failing to meet. 

2. All these circles must be true, whicn is seen by bringing them 
successively under the Brazen Meridian, with which they should correspond 
all the way round : if thejr do not, tiie fault may be either in them or in the 
brazen meridian itself, which is not perhaps in a true plane. 

3. When the poles are brought to the wooden horizon, in what is termed 
the right position of the sphere, each meridian brought successively to the 
wooden horizon, should correspond with it all the wav round. 

4. The brazen meridian must be in a plane exactly perpendicuLur to that 
of the wooden horizon, which it is, if, while any one meridian on the globe 
corres]x>nds with it aU the way round, the equator corresponds at the same 
time with the wooden horizon all the way roimd. 

5. Every one of the parallels of latitude must form continuous and perfect 
circles all the way round, and, on turning the globe, must each of them 
correspond in all its parts with the same precise point on the brazen 
meridian. 

6. When the equator is made to correspond with the wooden horizon, 
the two zero points of the brazen meridian must correspond exactly with the 
upper surface of the wooden horizon, in which case, they will, of course, 
aGso correspond exactly with the equator on the globe. 

7. All the degrees on the equator, on the ecfiptio, on the first meridian, 
drawn on the g&be, and those on the quadrant of altitude, when there is 
one, must be exactly similar. In order to ascertain whether they are so, take 
with the compasses any number of degrees from any one of these circles, and 
apply the measure to all the other circles, and see if it intercepts on them 
all and everywhere the same number of degrees. In like manner, the degrees 
on the brazen meridian and on the wooden horizon must exactly correspond 
to each other. 

8. The brazen meridian must slide with ease through the notches cut to 
receive it in the wooden horizon, but must not be so loose as to shake in it. 

9. As the globe is turned round, ever^ part of its surface must be equi- 
distant from the brazen meridian and m>m the wooden horizon, and the 
nearer the better, provided all be so true that there is no danger of rubbing. 
This is the true cnterion of a weU set globe. 

10. The globe must be so truly balanced upon its poles, as to remain 

Suite motion&ss the moment you cease turning it, the poles being placed 
orizontally. 

11. In the right and in everv other position of the globe, except the 
parallel, the equator, on turning tne globe round on its axis, must correspond 
to the same points on the wooden horizon, which points are at 90° from the 
intersection of the brazen meridian with Ihe horizon. 

, 12. Every part of the polar and tropical circles must correspond with 
their known latitudes on the brazen meriman. 

With respect to the geography of the globe itself, it is necessary to see 
that it contains all the latest corrections of positions and discoveries of 
importance, that no place of real note is omitted, that the names be well and 
distinctly engraved, and that they be not too crowded. Lastly, the wooden 
horizon must be examined with reference to the several circles marked upon 
it, each of which must be properly graduated, and their several portions in 
their true places, as regards the other circles and the globe itself. 

We have spoken only of the terrestrial globe, and of the more usual waf 
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of Bettmg or mounting it. There are various other modes,* bat which onr 
limits wul not admit of our detailing. As for the Celestial Globe, it is 
destined for astronomical purposes, andis therefore foreign to our subject. 

It ia only by means of a globe, we have said, that the Earth's sur&ce can 
be correctly represented ; but as ag^lobe is neither portable, nor capable, from 
its small size, of exhibiting the det^s which are often required, we must have 
recourse to maps, the great and indeed only disadvantage of which consists in 
the impossibility of truly representing a spherical on a nat surface. 

Pkojkction of Maps. — Different methods have been devised for the 
construction of maps, so that the real figure of the several regions of the 
Earth shall be as little distorted as possible. These constructions are called 
Trcjections, We cannot here enter into the elaborate researches, the com- 
plicated analyses to which some of the greatest mathematicians have sub- 
jected the different projections and their modifications ; we will merely explain 
the geometric construction of such as are most commonly employed. 

There are five principal projections — ^namely, 

1. The Orthographic, 

2. The Stereographic, 

3. The Globuhir, or Equidistant, 

4. The Conical, and 

6. The Cylindrical, or Mercator's. 

In the orthographic, the stereographic, and the globular projections, the 
plane of projection, or the flat surface on which the map is drawn, is supposed 
to pass tnrough the centre of the globe ; but in the first, the orthographic, the 
eye of the observer is sup})osed to be at an unmeasurable distance ; in the 
second, or stereographic, it is presumed to be at the surface of the globe ; and 
in the third, or gloDular, it is supposed situated at a point whose distance 
from the surface of the globe is equal to the sine of the angle of forty-five 
degrees. 

In order the better to understand how, in the several cases, the picture is 
formed upon the plane of projection, it is customary to imagine Doth that 
plane ana the globe to be transparent. Now, it is clear, that as we see every- 
thing we look at through a pane of glass, as if it were drawn upon such plane 
of glass, so in the above supposition, all the details of the hemisphere on the 
opposite side from the spectator would appear to him as thougn they were 
drawn upon the transparent diaphragm or plane of projection. But unless 
this supposition be limited, it is more likely to create a confusion of ideas than 
assist the student in forming a ri^ht conception of the subject ; for while, in 
considering the geographical position of any place on the Earth's surface, we 
always refSr to our own position as external, and thus say the east is to the 
right when we face the north, it is evident that in a picture traced according 
to the above supposition, we seethe objects reversed, so that what is really to 
the east appears to be to the west. Tne fact is, nothing of the surface oi the 
sphere is projected but its ^reat and small circles, and so far only as these are 
concerned, is it safe to admit the imaginary transparency alluded to. When 
once the parallels of latitude and the meridians are projected, the several 
regions ot the Earth are laid down upon the map in conformity with the 
latitudes and longitudes of their several parts. 

The OBTHoaBAFHic Pbojection. — In this projection, the eye of the 
spectator is conceived to be at such a distance from the plane of projection, 
tnat the visual ravs which traverse it in their passage from different points of 
the hemisphere oeyond, are all parallel and fall perpendicularly upon it, 
whence it k)11ows that equal spaces on the hemispherical surface are represented 
hy unequal spaces on the pliaie of projection. 



* A mode of mounting globes, far superior to that nsually adopted, was proposed by Adams, 
and executed with improyements by C. Goyens : a description and plate of it will be found 
tn Malte Brun's PrieU de OiograpMe UtuverteUe. 

L 
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Thus, let A B C (fig. 1) represent a section of the 
hemisphere divided into nine e^ual arcs, and A C 
a section of its plane of projection. Now, if from 
the several points on A B C, parallel visual rays be 
drawn perpendicularly through A C, it is evident 
the spaces intercepted between these rays will be 
unemiaL, while the points whence they proceed are 
equidistant from each other. It will further be 
observed that those nearest the centre approach 
nearest to e<}uality, while those frirther removed 
from it dimimsh in proportion to their distance. 

As all the parallels of latitude are in planes per- 
pendicular to the plane of projection, they will be 
projected in straight lines, while all the meridians, 
except the central one, will be projected in elliptical 
curves. 

The mode in which the orUiomphic {>rojection 
is graphically constructed is represented (fig. 2). A circle JN E S W is drawn, 
representing the meridian bounding the plane of projection. Two diameters, 
WCE and NCS, are 
neztdrawn at right angles 
to each other : me former 
being the projection of 
the equator, and the lat- 
ter that of the central 
meridian. The quadrants 
of the cirde are then re- 
spectively divided into 
spaces of ten degrees 
each, marked 10, 20, 30, 
&c., from the extremities 
of the equator towards 
the poles K and S. From 
these points draw lines 
parallel to the equator, 
and these will represent 
the parallels of latitude 
for every ten degrees. 
Now, from their extremi- 
ties, let fall perpendicu- 
lars upon the equator, 
and through their points 
of contact with it, draw 
ellipses with N C S for a 
common transverse axis, 
and with CI, C 2, <&c. respectively for half their conjugate axes. These 
curves will be the projections of the several meridians. 

The same projection may be efiected on the plane of the equator. Thus, 
(fig. 3,) descrioe a circle to represent the equator, the centre of which circle 
wiB represent the pole. Then draw two diameters at right angles to each 
other, and divide each quadrant, as before, into nine equal parts. From these 
points draw diameters to the corresponding divisions of the opposite quadrant, 
and these lines will represent the meridians, any one of which being taken for 
the first, the others must be numbered 10, 20, 30, &c., half way round on 
either side, to 180. Next let fall perpendiculars from the divisions of one of 
the quadrants on one of the radii, and through the points of intersection 1, 
2, 3, &c., describe circles to represent the parallels, marking them from the 
outer to the inner with the numbers 10, 20^ 30, &c. for the degrees of 
latitude. 
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As all the qoadrilate- 
nd spaces in figs. 2 and 3 
represent ten degreee of 
longitade and aa many of 
J&titude, their simple in- 

rtion shows that, with 
exception of such 
places as occupy the 
centres of the projections, 
the Beversl regions, parti- 
cularly those nearest the 
circnmference, must he 
most dreadfully distorted 
in form, Bud diminished 
in magnitude. 

TEB STBBEOaBAFHIC 

Pbojectiok. — This pro- 
jection difiera bom the 
former, in preaumine; the 
eye of ihe spectatorplaced 
»t the surface of the globe 
and exactly opposite the 
central point of the plane 
of projection, whicu, as 

in the former case, is snpposed to divide the globe into two halvea, the farthest 
■ of which from the observer being- that whose lines are to be projected. 

From the proximity of the eye, the visual rays, inst«ad of being parallel, 
as in the former case, all converge irom the hemisphere to the point of pro- 
jection, BO that while equal spacee on the hemisphere are still represented by 
nnequEil spaces on the projection, the ineqnahty is not near so great as in 
the former case, and tiie spaces, instead of cfinuniabing from the centre 
• towards the circumference, diminish 

^8' * in the contrary direction — namely, 

* from the circumference towsjds the 

centre. This is rendered evident by 
fig. 4, in which the visual rays, pass- 
ing from the equal spaces, into whicl^ 
the hemisphere, represented in sec- 
tion by the arc ABC, is divided, in- 
t«rcept spaces in the plane of pro- 
jection (of which A C is the section) 
so muim the larger as they recede 
from the centre. This inconvenience, 
however, is in part compensated by 
the property enjoyed by this pro- 
jection of representing all the figures 
on the sphere by nmilar flgnres, 
and consequently bU the right-angled 
qiiadnlat^al spaces formed on the 
ephere W tlie intersections of the meridians and parallels are projected into 
fflmilar figures, so that the countries are not distorted in form, as is the case 
b the orthographic projection. 

The storeographic projection of a hemiBphere on the plane of a meridian is 
thus effected. Describe a circle N E S W (fig. 5) representing the meridian 
that cixcumBoribes the plane of projection, and draw two diameters, K C S 
and WCE, the former to represent the projection of the centra! meridian, 
and the latter that of the equator. Then divide the quadrants itom the equator 
to the poles into 6 or 9 equal parts, according as it is required to have the 
psrallels at IS or at 10 degrees apart, (in the figure they are at 10 degrees). 
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[iiidiiiimberthemaacceBBively IS, 30, 46, &c., or, as in the fig., 10,20, SO, Su>. 
Prom 8 draw liaee to the eeveral diviBionB, as 8 10, 8 20, fto,, and their inter- 
gection with the line WCE will be the points through which the cironlar arcs 
repreiBenting the meridians must he deecribed. For the parallek, draw line§, 
in like manner, from either extremitj of the line W C E to the divisions of 
the opposite qiiadrant, and their intersection with the central meridian will be 
the points thront^h which the arcs of the parallels are to be struck. 

The placeB of the contreB from which the parallels are described, depend 
on the principles which determine this projection ; one of which is, that the 
distances of the centres of the parallels man the centre C of the projection, 
are equal to the secants of their distance fl-om the pole, and accordiigly, if 
tlie length of these secants rest>ectiTely be marked oafrom C on the prolon- 
gation of SON, they will give the centres from which to describe the 
parallels. 

Thus, if a tangent N O be drawn parallel to W C E, aid lines drawn to it 
from the centre C through the divisions 80, 70,60, &a., these httter will be the 
secants respectiTely of the angular distances of these parallels from the pole: 
C a the secant of 10 degrees, or the distance of the 80th parallel from the pole ; 
C b the secant of 20 degrees, or the distance of the 70th parallel, and so on. 
Transjiort these distances snccessively from C on C N prolonged, and they 
will give the centres sought ; or, what is the same thing in flieory, thougn 
impossible in practice, draw lines from W tlirongh the divisions of ttie quad- 
rant on the same side of the central meridian, until they meet the prolonga- 
tion of C N, and half the distance between these intersectionB and tlie o<«re- 
spondioe ones on N C will be the places of the centres. 

Anouier principle of this projection is, that the distance of the centre of 
projection of any great circle oblique to the plane of projection, is eqoal to 
the tangent of ue aiigle at which Hie drole is inclined, and its radras is equal 



THE STEBEOGRAPHIC PROJECTION, 149 

to the Becant of th&t angle. Hence the oentreB for deaeribing the meridituu 
ma,j be found bj tranaporting the tangeiite of 10, 20, 30, to. degreea already 
found — Tiz., N a N b &e. to the line C E and its prolongation, u shown at 
C a', C b', C o', &c., and from tliese points, with the Becants, likewise found as 
C a, C b, &o. for radii, deecribe the meridianal area. Or the centres for the 
meridians mav be found thua : from the diviBiona of the quadrant WN draw 
diameters to tne oppoBite quadrant, ae A A', B B', &«. Through A', B', &c. draw 
iiaea from S, and produce them till they meet the prolongation of W C E in 
Ij 2, 3,&o. 1 then half the distances respectively between these points, and the 
intersections previously found of the Ime W C, will be the centres Bought : 
thatis, themiddlea'of the line 1,10 will be the centre for striking tiie meridian 
SlON. the middle b'ofthe line 2.0, the centre for 8 ON and BO on. It will 
be observed that these points a' h' &c. are precisely those that were found by 
trauBporting the tangont« If a, 14 b, &e. to C E. 

The applieation of this _. 

projection to the plane of ^' 

the equator ia exceedingly 
rimple. Thus, (Ge. 6) de- 
scribes a circle EQTTA 
to represent the equator ; 
draw two diameters at 
right angles to each other; 
divide each of the quad- 
rants thus formed into 
nine equal parts, and from 
the divisions on EQ draw 
lines to A ; their int«r- 
Hctiona with E P will be 
the points through which 
circles mast be described 
from F, the pole, to re- 
present the parallels ; 
while radii drawn from 
P to all the divisions on 
the equator will bo the 
projections of the meri- 

As the globe may be 
dmded into two hemi- 

Bpheres in an infinity of ways, so many different planes of projection may be 
onosen, besides those on a meridian or on the equator, and accordingly 
hemispheres are sometimes projected on the plane of the rational horizon of 
some particular place, as on the Winon of Paris, as has been done by I^pie ; 
on the horizon of London, as has been done by Mr. W. Hughes, &c. These 
projections, called horizontal, (as those on the plane of a meridian are called 
tquatorial, and those on the plane of the equator are called polar,) are ex- 
tremely interesting, but the constmction is somewhat complicated : we shall . 
explain it as applied to the horizon of London. ■ 

Besoribe a circle N E 8 W, (fig. 7^ and draw two diameters, N S and 
WE, at right angles to each other, from N, mark off on the quadrant, 
5 W, a number of degrees equal to the latitude of the place, or height of 
the pole above the horizon, fin the present case,) 61° 30', and P will be the 
Iilace of the superior pble. From it, draw the diameter PP*, and P* will 
te the place of the inferior Dole. The eye being at E, draw E P, and ita 
intersection with NS in p will be tie projection of the upper pole. Draw 
also the line, E P*, and produce it till it meet the prolongation of H S in p', 
thenpp' will be the projection of the meridianPP'. Mow set off on either 
side of P as many times ten degrees, or the ninth part of a quadrant, as there 
are parallels that distance apaA, between the pole and southern part of the 
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horizon, (in the present case twelve,) 
and draw lines &om these points to E, 
the intersection of the ninth of which 
with the line N S, south of the pole p, 
at Q, wiU be the point through whi^ 
the projection or the equator must 
pass, and the other intersections, the 
points for the several parallels, the 
centres for which and for the e<]uator, 
will necessarily be on N S and its pro- 
longation, and are determined by find- 
ing the middle point between the cor- 
responding intersections 80 and 80, 70 
and 70, &c. 

For the meridians, it must be re- 
membered that p|>' represents the poles, 
and the line joming them, a meridian 
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Fig. 7 
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passing through the middle of the he- 
misphere, (the meridian, in fact, of 
London, whose ^lace is at L, in the 
zenith of its horizon* NESW,^ and 
accordingly, all the other mendians 
must meet this one at the poles, under 
angles equal to their difference of lon- 

fitude from this meridian. If then we 
isect the diameter p p' in C, and with 
C p for radius, describe the arc Wp E, 
it will he the projection of a meridian 
at 90^ from the meridian of London. 

All the other meridians will have 
their centres on the line A C B drawn 
perpendicularly to p p', and their places 



nr 



THE GLOBULAB PEOJECTION. 



151 

are found thus : — From p, as a centre, describe a rarole with any radios, say 
P C, and divide it into tnu^-six eqoal parta, beginning at C. Then &om p, 
tlirongli these divisiona, draw lines till they meet the line A C B, and their 
mteraeotioiie vrith it will be the centres for describing the meridisus. 

In the two figures, 6 and 7, we have drawn only a few of the meridians 
and parallels, in order not to create conlijHiou by the great multiplicity of 
IdiieB : it will be self-evident to the reader, tl^t wlutever conatmctive 
operations are described for one aide of the central meridian, must also be 
performed on the other in the opposite direction, in order to complete tlie 
projection of all the circles. It la also with a view of BToiding too man^ 
lines that we have not traced the polar nor the tropical ctrclei, out as their 
difitance respectively from the poles and from the equator is Itnown to be 
twenty -three and a half degrees, nothing more is necessary for tracing them 
than to set off those distances on the quadrant from the N and S points 
of the central meridian, and from the £ and W points of the eqoalor, and 
then describe these circles by the same processes aa have been explained for 
the parailela. 

Thb Globulab Pbojbotiok. — We have seen that, whereas in the 
orthographic proiection, equal spaces on the ^lohe become very much con- 
tracted towarda tne extrenuties of the projections, they are, on the contrary, 
greatly enlarged at thoae parts in the atereographic. In order to rectify 
Uiese opposite defects, La Hire conceived that between the indefimte distance 
at which the eye is supposed to be in the case of the orthographic projection, 
and its position at the surface of the sphere in the stereographic projection, 
there must bo a point from which thej would be, if not wholly compensated, 
at least greatly reduced, and thia pomt be determined to be at a distance 
from the Burface of the sphere eqiial to the aine of the angle of iS", or what 
ia the same thing, if the meridian NS (fig. 8) be 200 parts, it most be 
prolanged 70 of these 
parta to S'. If, then, 
visual rays be drawn from 
8' to the divisions of the 
quadrant, their intersec- 
tion with C W will deter- 
mine spaces mnch more 
equal than in the former 
OTOJ actions. Indeed, if 
F D be the sine of 45°, 
it is evident that a hne 
drawn from S' to D will 
exactly biaect the radius 
C E in d, so that the 
eqnal area EDandDN 
are represented by equal 
spaces E d and d C. All 
(rther area, however, will 
not be so exactly repre- 
sented by equal spacea. 
The geomebdcian. Far 
rent, found that by plac- 
ing the point S' at only 
69i parts from 8, aU the 
inequalities of the spaces 
onCEorCWwonldbe 
the least possible ; but in 
order to nave the zones 
of the hemisphere re- 
spectively proportionate 
to those of the sphere, 




152 CHAKTOGRAPHT. 

the point 8' must be placed at 110} parts from S. Still thig proiection, haw- 
ever modified, is very defective, inasmuch ae the parallels and tlije meridians 
do not intersect each other in it at right angles. It is, moreover, diffiooit 
to construct, aa all the parallels and meridians are represented hv ellipses. 

Thb Equidibtajit 
Fig. 9 Projection. — We hive 

Biud that in the gtobnlar 
projection, the spaces Te- 
presenting equal arcs of 
the sphere are nearly 
eqnal; whenever, there- 
fore, this projection is 
nsed, there is verj little 
disadvantage resulting 
from rendering them ex* 
actlj- eqiia], and when 
this is done, the projec- 
tion is called the £pii- 
dittant. Its mechanical 
construction is as foUows : 
Describe a circle N E 
8W, (flg. 9,) and draw 
two diameters, N C S lor 
a central meridian, and 
W C E for the equator. 
Divide each of the quad- 
rants into nine eqnal 
parts, and each of the 
semi-diameters, C N, CE, 
&c. also into nine eqnal 
parts. Then find on the prolongation of N S both wajs, the centres of 
circles whose arcs must pass through 80 a 80, T0b70, 60 c 60, &C., and these 
arcs, described both on the Horth and on the South of the equator, will be the 
panels. In like manner, find on the prolongation of W E both wajs, the 
centres from which to 

strike the meridians, all ^'S- lO 

of which must join at the ^ 

poles, and pass through 
the pointe 1, 2, 3, 4, &c. 
Havmg ' selected that 
meridian which is in- 
tended for the first, 
number the others suc- 
cessively 10, 20, &c. to 
the right and left of it. 
For a polar projec- 
tion, (fig. 10,) describe 
the circle A B D E ; this 
will represent the equa- 
tor. Draw two diame- 
ters at right angles to 
each other, A D and E B, 
for two meridians at 
ninety degrees apart,. 
Divide each quadrant 
into nine equal parts, 
and also each of the four 
radii C A, C E, &«. into _ 
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the same niunber. Erom the centre C describe circles passing snccessively 
through the points 1, 2, 3, &c.; these will be the projections or the parallels. 
I^ow draw lines &om the several divisions of me quadrants through the 
centre to the divisions on the opposite quadrants, and these diameters will 
be the projections of the meridians. Place the numbers denoting the degrees 
of latitude 10, 20, 30, &c., upon the central meridian &om the equator towards 
the pole, and &om the same meridian place the degrees of longitude on either 
side naif round to 180°. 

Having thus described the three principal projections employed for repre- 
senting the hemispheres, whether North and South, East and West, or those 
bounded by the rational horizon of anj place and of its antipodes, we will 
now pause a moment to recapitulate their several defects and relative advan- 
tages; as to the defects, in some shape or other, they are unfortunately 
irremediable. 

In the Orthographic projection— 1st. The parallels are projected in straight 
lines, and the meridians m ellipses. 2nd. Equal spaces and distances on the 
spbere are represented by unequal spaces. 3ra. Hie spaces lesgen suc- 
cessively from the centre towards the circumference of the hemispheres. The 
consequence is, that while the central parts are nearly in their correct pro- 
portions, tihose at a distance from the centre are terribly distorted in ^rm 
and diminished in magnitude. 

In the Stereogra^ic projection — 1st. The parallels and meridians are all 
projected in arcs of circles. 2nd. In this, as in the Orthographic projection, 
equal spaces and distances on the sphere are represented by unequal spaces. 
Bra. These spaces increase successively from the centre towards the circum- 
ference, so that the parts near the circumference are much too large in 
relation to those near the centre ; but as the parallels and meridians intersect 
each other at right angles, the forms of the several regions are better pre- 
served than in the Orthographic projection. 

In the Globular and E<juidistant projections (which differ chiefly in this, 
that in the former all the circles of the sphere are projected in ellipses with 
small eccentricity, whereas in the latter tney are projected in perfect arcs of 
circles) — 1st. Equal spaces on the sphere are represented by equal or nearly 
equal spaces on the projection, and accordingly the relative dimensions of the 
several countries are more correctly obtained; but as the rectangular spaces 
on the sphere are not represented by similar spaces on the projection, the 
forms 01 the countries are greatly distorted, and the more so the further from 
the centre ; because the nearer to the circxunference, the more do the inter- 
sections of the meridians and parallels differ from right angles. Nevertheless, 
from the great ease with which the equidistant projection is executed, it is 
very frequently adopted. As for the Globular, some geographers. La Croix 
amongst others, give it the preference over the two other projections. We, 
for our own part, prefer the Stereographic. 

It is almost needless to observe, that the defects of these several pro- 
jections are equally sensible, whether they be equatorial, i. e. on the plane of 
a meridian, or polar, i. e. on the plane of the equator. This will be evident 
from simple inspection of the figures ; though in the case of the Stereographic 
projection, the enlargements aSPect the opposite regions in the equatorial to 
what they do in the polar projection, so tnat, in some de^ee, the judgment 
may be rectifled by using both. In the ca^e of the Equidistant projection 
on the plane of the equator, it will be seen that the degrees on the equator 
and on the parallels immediatelv adjacent, are much larger than the degrees 
on the meridians, and accordingly, countries situated in tne equatorial regions 
must have their dimensions in longitude greatly exaggerated.' 

Upon the whole, as these several projections are never used but for 
planispheres, the defects we have endeavoured to point out are not perhaps 
of any great practical consequence, particularly as this kind of map is only 
consulted wim a view to having a general idea of the relative bearings and 
positions of the great divisions of the terraqueous globe ; and certainly, of 
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these projectionB the most interestiiig and mstractive are those on tiie plane 
of the norizon of the capital of the country for which the map is designed. 
It is indeed matter of surprise that we see none such constructed on a 
large scale. Unfortunately, but few map-makers will take the trouble to 
construct them.* 

A very useless custom still prevails with some map-makers of representing 
on tilieir planispheres and glooes the tracks of the ' Endeayour' and ' Beso- 
lution.' Far be it from us to detract in the least from the merits of the 
immortal Cook ; his glorious achieyements are too indelibly impressed on the 
national mind, and haye had too great an influence on the commerce of our 
country; haye too largely contributed to its fame eyer to be forgotten; but 
we think that what was not only justifiable but highly proper at the time, 
from the novelty of Cook's explorations and the wonders brought to light 
by his circumnayigation, is no longer so, now that vessels of all the great 
maritime nations have followed in his track and made the tour of the ^obe, 
and we hold that no map should contain a single feature that is unnecessary. 
We come now to the other projections we have named. As the former 
were, so to say, perspective representations, those that remain to be spoken 
of are more properly developments. 

The utter impossibility of fulfilling all the conditions of a perfect repre- 
sentation of a spherical on a flat surface by any of the means we have detailed, 
led to the search for others less defective. It was considered that as cones and 
cylinders are simple curves, susceptible of being developed or opened out, without 
that operation enectingthe slightest alteration of these surfaces, or the distor- 
tion 01 anything represented upon them, and that as these figures correspond 
pretty nearly with portions of a sphere, the latter might be transferred to the 
former, whose development woula then give nearly correct representations. 

The Conic Pbo jbction. — Let N E 8 W (%. 11) represent a sphere, and 
A B C a cone circumscribed about it, so 
as to touch it at the latitude of forty 
degrees. It is evident, that at the pa- 
raUel of contact, the spherical and the 
conical surfaces correspond exactly, and 
this parallel will be represented on the 
development of the cone by a circle, 
drawn from its apex A, with the radius 
A B. Consequently, any portion of this 
parallel on the sphere will be identical 
with its corresponding portion on the 
cone. Not so, however, with the parallels 
above and below it, as those of 2GP and 
60°. Here the sides of the cone recede 
from the sphere, and accor(^gly the 
circles representing these parallels, and 
drawn upon the cone fit)m A, with A H 
and A F as radii, will be somewhat too 
large. The difference nevertheless is but 
trifling, as the surface of the spherical 
zone comprised between the given lati- 
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* Mr. W. Hnghes has published a very beautiM map of the world, in two hemispheres, 
projected on the rational horizon of London and its antipodes ; London being in the centre of 
one hemisphere, and a point a little to the S. £. of New Zealand in the middle of the other. 
Concentric circles are drawn romid these centres at the distance of 1000 miles apart, and the 
points of the compass being marked ronnd the borders, the bearing and distance of any place 
fh)m London are at once ascertained. It will further be seen by this map, that London is in 
the exact centre of all the land portion of the earth ; the opposite hemisphere bdng all water, 
with the exception of the tail-piece of South America, and of Australia and its surrounding 
islands. This little map is exquisitely engraved, and is highly interesting on every account. 
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tades is nearly the same as that of the conic firustrom H F G I ; the line H E 
differing but fittie from the arc a b. 

In oonstnicting this projection, it is nsnal to make the cone coincide with the 
central or mean parallel of the country it is intended to map, and accordingly, 
all the distances along that parallel are as exactly laid down on the map as on 
the sphere itself, whereas those on the extreme northern and southern parallels 
will be a Htde too lon^, by an absolute quantity, however, so much the less as 
ike spherical zone is uie more contractea in the direction of the latitude, and 
vice versa. 

There are, however, other modes of conceiving the conic projection. Of 
these, the best is that which was adopted by Delisle de la Croy^re for a general 
map of Russia. According to this method, the cone is supposed to be «»- 
scribed instead of being ci/rcwmscribedf 
and it is made to enter and leave the 
sphere in such a manner that it co- 
incides with it at two parallels, each 
of which is intermediate between the 
central one, and one of the extremes. 
By this means, the distances on the 
map are perfectly correct along the 
two parallels, where the surface of 
the cone coincides with that of the 
sphere, as at C and E (fig. 12), while 
at the intermediate parallel D 50, the 
distance is a little too short, and at 
the extreme parallels 30 and 70, a 
little too long. The errors are thus 
more eoually distributed over the map; and when the extent of lati- 
tude emoraced by the map does not extend beyond thirty or forty degrees, 
the representation approaches verv nearly to exactitude. 

In the conic projections, strictly so called, the parallels are always arcs of 
drdes, and the me^dians straight lines drawn fi^m the common centre of 
the circles, the apex of the cone. This rule has, however, been occasionally 
modified in the wa}r we shall presentW' describe. The mechanical construc- 
tion of the pure conic projection is as follows :— - 

When a hollow cone is placed upon a sphere, the side of the cone forms a 
tangent to the angle comprised between the axis of the cone and a perpen- 
dicular let fall from the point of contact of the cone with the surface of the 
sphere to the centre of the sphere, and is a co-tangent of the complement of 
that angle. Thus, in fig. 11, the side AB of the cone AB C, is the ta nge nt 
of the angle A O B, and co-tangent of the ande B O W. But the arc W B 
expresses the latitude of the central parallerB 40 C, with which the cone 
ooincides ; and as this holds good, whatever be the parallel chosen, it follows 
that in determining the projection, in the case of a circumscribed cone, the 
side of the cone must be made equal to the co-tangent of the latitude of the 
middle parallel. The absolute length must be found in degrees and minutes 
of latitude thus :— • 

Draw an indefinite line A B (fig. 13) to represent the central meridian of 
the map, and from any convenient point, say C, through which it is intended 
to make the central parallel (say that of fifty degrees) pass, set off above and 
below, and at such distance apart as shall represent ten degrees of latitude, 
according to the proposed scale of the map, the points through which the 
other pandleb are to be drawn. This done, sav — ^As the circumference of a 
cirele, or 3*1416, is to its diameter or 1, so are tne 360 degrees of the circum- 
ference to X degrees, the number contained in the diameter. This will be 
found to be 114*591 degrees, and accordingly the radius will contain the half 
of this, or 57*295; and this being multipSed by '839, the co-tangent of 50 
de^ees, (the hititude of the central parallel,) gives 48*070505, or 48° 4' 13'', 
which, being taken from the marked off latitudes as a scale, and set off from 
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G towardB A, detenmnes the length of the 
side of the cone or point O, from which the ^g* 13 

parallelg throuffh 60, 40, &c. are to be stmck, 
and to which aU the meridians must oonyeree. A 

Strike from the point O, thus found, an inae« 
finite arc throngh 0; next find the angle 
which the extreme meridians of the intended 
map must make on either side with tlie oen- 
tnl meridian O B. For this we most con- 
sider, 1st. l^t the number of de^ees con- 
tained in two arcs of equal length is as their' 
radii, and that while any arc of the parallel 
C on the sphere has the cosine of its latitude 
for radius, the corresponding arc of the cone 
developed will haye the side of that cone for 
radius. Now, the side of the cone has been 
shown to be the co-tangent of the latitude of 
C. Hence, if we suppose the map to contain 
forty degrees of longitude, the angle corre- 
sponding on a plane surface to that number 
of degrees, in the parallel of 6(f, will be as 
the co-tangent of 60^ is to the cosine of 50°; 
or, what is the same thing, as 1 (radius) : '766 
(sine of 60°) : : 40° : 30*^ 38' 24", the angle 
required. 

Set off half this angle on each side of O B, 
and draw O D and O E for the extreme meri- 
dians, they will intersect the indefinite arc in B 
d and e, the space between which will repre- 
sent, or be the deyelopment of the forty de- 
grees of longitude required for the map* Next divide C d and C e each into 
two parts, the spaces thus obtained will be ten degrees of longitude each ; 
through them draw the other meridians O F and O G. Finally, from O describe 
arcs, concentric with d e, through the several points marked off at 60, 40, &c. on 
the central meridian ; then will the space contained between the extreme 
meridians and parallels be the conic projection or development of a corre- 
sponding portion of the spherical zone, comprised between the latitudes of 
thirty ana seventy, and embracing forty degrees of longitude, and this 
development will be a correct representation of the corresponding spherical 
surface, except in as much sjs the parallels above and below the central one 
will be a little too large. 

A simpler mode of drawing the meridians is to take from a table the 
number of miles contained in one degree of longitude at the mean parallel* 
(or find it by the rule — radius is to cosine of latitude as 60 is to x,) and 
ten times this (taken from the scale which served to determine the degrees of 
latitude on the central meridian), set off twice on each side of G on the 
indefinite arc, wiU give the points through which to draw the meridians O F, 
OG, OD,andOK 

In order to find the side o£ an inscribed cone, as at ^. 12, say—- As 57*295 
(the degrees of the equator contained in the ladius of the sphere) ia to the 
co-tangent of the central latitude, so is the cosine of the arc contained 
between the central latitude and either of the narallels through which the 
cone is to pass, to w. This distance from the midole parallel, measured on the 
central meridian produced, will give the apex of the cone, from which to strike 
the curves representing the parallels. « 

With a view to obviate the errors in distance, measured on the outer parallela 
as above alluded to, Murdoch proposed, besides the inscribed cone already 
mentioned, other methods of conic projection. Euler, also, and others, have 
entered into profound researches, and given directions for different modifica- 
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tionB of the projection we are now considering ; bat as they only deprive it of 
its simplicity, without effectoaUy correcting ita errors, we shall not describe 
them, still less the method of !^lemy which resembles the conic projection. 
There is, however, one modification of Ptolemy's method, due originally to 
Flamstead, but subsequently improved, which, being still employed, deserves 
notice. It consists in the substitution of curves for the straight lines repre- 
senting the meridians, and is thus effected :*- 

Having drawn, as before ex- 
plained, a vertical meridian N 8, 
(fig. 14,) and described the central 
parallel with a radius equal to the 
co-tangent of the latitude of that 
parallel, and also described the se- 
veral other parallels as concentric 
arcs, passing through their proper 
points on the central meridian, mark 
off (as many times as is necessary 
for the longitudinal extent of the 
map) on each side of this meridian, 
and on every parallel, the len^h of 
ten or fifteen degrees of longitude, 
according to the law of their re- 
spective decrease, which for each 
parallel is as the cosine of the lati- 
tade to the radius. Then through 
these points describe curves for the several meridians. In our figure, the 
parallels and meridians are drawn at fifteen degrees apart, and the areas on 
the globe are represented by equal areas on the projection, but as the forms 
are dilated in proportion as they recede from the centre, distances can only 
be measured along the parallels or the meridians. Tlus defect is still forther 
increased by the uttle attention paid by tiie generality of map-makers to the 
point from which they describe their parallels, which, instead of being at the 
distance of the co-timgent of the central latitude, is determined by me con- 
vergence of any two meridians, arbitrarily taken. The distortion tnat results 
is particularly seen in the ordinary maps of Asia. 

The next and last projection we shall describe is-— 

The Cylindrical, oe Msscatob's Pbojbction.— This projection being 
destined solely for the use of mariners, and having comparatively little 
interest in a geographical point of view, might be altogether omitted in our 
present enumeration, were it not that every atlas contfuns it, and that many 
persons consult it in preference to the planispheres, when they would have 
a more satisfactoij idea of the relative bearings of those parts of the globe 
whose contiguity is so awkwardly interrupted by the diverging circumferences 
of the two hemispheres. 

The cylindrical projection was introduced by Mercator, whose name it 
bears, in 1556. In order to understand the necessity which existed for a 
projection differing entirely from any of the preceding, it must be remem- 
bered that navigators require charts by which tiiey may direct their course, 
and lay it down with facility. So long as they have to sail due north or 
south, east or west, tlie ordinary projections mignt answer their purpose, but 
this is no longer the case when the place for which they have to steer lies 
between the cardinal points. If a vessel starting from any point of the 
equator, for instance, were to steer a direct N.E. course, such vessel, if land 
did not intervene, would describe a spural round the northern hemisphere, 
and arrive ultimately at the Pole.* This curve is called the Zoxodromic 
line. The way in which it is engendered is this. The meridians all run due 



* HatbematioaUy speaking, it could never reach the pole, m for this. It miut steer due north. 
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N. and S., the parallelB E. and W., these 'oirdeB catting each other at right 
angles ; but while the parallels, as their yerj name implies, are everywhere 
at equal distances from each other, the meridians approach nearer and nearer 
^e higher the latitude. Now, as a vessel steering constantly N.E. must 
move u^ong everywhere by a line 45° from the meridian, and as the direction 
of every meridian differs, so the vessel's course, after first starting from the 
equator, will describe the spiral, or loxodromic, curve, and this will be the 
case on whatever rhumb the vessel may steer, for she will always have to 
intersect the meridians under the same an^le, which she can only do by 
describing the curve. Were she to proceed m a straisht line, she would cat 
every meridian she passed under a different angle, and, consequently, never 
make the port for which she was bound. 

To render this sensible, 
fig. 15 represents a portion of 
the sphere projected stereo- 
graphically on the plane of 
the equator, in which F is the 
pole. "Now it is evident that 
if a vessel start from the point 
A, and steer constantly in a 
N.E. direction by compass, 
her course must constantly 
form an ansle of 45° with thie 
meridian ; but as every meri- 
dian forms an angle with the 
one just passed, so, in order to 
form with them successively 
the same angle, the vessel 
must in fact change her di- 
rection every instant, and de- 
scribe a curve. If she were 
to proceed on a straight line, she would make with every meridian succes- 
sively a greater angle than 45°, till at length she would find herself at some 
place due east of that from which she set out; to effect which, however, she 
would have to change her compass-bearing every moment. 

For the facility, therefore, of determinme and laying down his course, the 
mariner required such a projection as womd enable him, while steering by 
his compass, to deal with straight lines only on his maps, and accordingly 
Mercator, who had before introduced the stereographic projection, invented 
the cylindrical, as we shall now describe it. 

Ijet us suppose a cvlinder to circumscribe a sphere in such manner that 
the axis of the two shall exactly coincide, and the cylinder be in contact with 
the equator. If now the planes of the parallels oe extended beyond the 
sxirface of the sphere till they meet that of the cylinder, their intersections 
with it will form a series of circles parallel to eadi other and to the base of 
the cvlinder : and if, in like manner, the planes of the meridians be extended 
till tney intersect the cylinder from top to bottom, the intersections will be 
straight lines equidistant from each other. If, next, the cylinder be slit open 
in the direction of one of the meridians and laid out fiat, it will represent a 
cylindrical projection of the globe, in which all the parallels will be straight 
Imes, and the meridians also straight lines perpendicular to the former. 
But while the distances of the parallels from the equator would be the sines 
of the latitudes, and accordingly so much the nearer to each other as they 
approached the poles, the meridians would be everywhere equidistant ; that 
is to say, the relation of the parallels and mericuans would be the very 
reverse of what is required in order that the proper relative proportion 
between them be preserved. For as the length of the degrees of longitude 
diminish as the parallels approach the poles, whereas, on this projection, this 
length is made equal on all the parallels, it becomes necessary to lengthen the 
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degrees of latitude on the projectioii in the same proportion as the degrees 
of longitade really diminish on the sphere, to effect wnich is extremely easy 
in practice. 

A line A B, (fig. 16,) is drawn of the len^h required for the development 
of the equator, according to the intended dmiensions of the map. This line 
being now divided into 36 or 24 equal parts, for as many meridians at 10° or 
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15° apart, (in our figure we have taken 15° in order to have fewer lines,) 
draw the meridians perpendicular to A B. Now take &om a table of 
meridional parts the requisite distances of the several parallels and of the 
tropical and polar circles from the equator, and set them all off on the outer 
meridians to the N. and S. of the equator ; join these points and the lines 
are all projected. Kothing now remains but to select the first meridiaii 
according to circumstances, and then to graduate the top and bottom borders 
of the map in the nsual way, E. and W. from the first meridian, and to indi- 
cate the degrees of latitude N. and S. of the equator upon the two extreme 
meridians. 

The meridional parts in the table just alluded to, (and which is also called 
a table of increasing latitudes,) are tiie number of minutes of a degree of 
longitude at the equator comprised between that great circle and every 
parallel of latitude up to 89°. It would be foreign to our object to enter here 
mto any detail of the mode of calculating the table. 

From the principles of the projection lust described, it will be evident 
that the relations or length andT breadth, that is, the figures of the several 
oonntries, are perfectly accurate ; but that, as the lengm of the degrees of 
longitude and those of latitude are greatly exaggerated towards the poles, 
the rdative magnitudes of countries near them, as compared to those near 
the equator, are grossly incorrect. But this, to the manner, is of no conse- 
quence ; his object is to be able to lay down the route he has traversed, in 
Btraieht lines, and to see the straight-line bearing of the point he is imme- 
diately bound for, so as to shape his compass-bearing accordingly, and this 
the charts on Mercator*s projection enable him to do with the ^eatest ease 
and most unerring certainty. It is evident that, owing to the mequality of 



1 



160 CHARTOGRAPHY. 

the degrees of latitude and loneitude, no distance from one place to another 
can be ascertained but by calculation. 

We have stated that a Mercator's projection of the globe is often con- 
sulted by the geographer, and we are most desirous, for ms purpose, that it 
be idways extended in longitude so as to exhibit both the Atlantic and Pacific 
oceans in their integrity. With this view we would not only carry the 
longitude 180° east and west of Greenwich, but repeat the last 80° of east 
longitude on the western side, reckoning back from 180° E. to 100° £. By 
this means the continuity both of the lands and the oceans would be repre- 
sented in the most satisfactory manner. Mercator's projection, wnen 
designed solely for charts, contains only the details of the coast, islands, 
soundings, and rhumb lines; but for geographical purposes, they should differ 
in nothing from other maps, but in the mode of projection. 

Having thus explainea the nature and construction of the most customary 
projections, we will merely observe, that there have been proposed and 
effected several modifications of them; but, generally speaking, if these rectify 
errors in some particular respect, they increase them in others, or else they 
ofier practical difficulties of execution, which are not compensated by any 
sufficiently important advantage. 

Choice of Pbojections. — From what has preceded, it will be evident 
that all the projections are not alike suitable for all purposes. In order to 
represent the whole sxurface of the Earth at one view, we must use either the 
planispheres or Mercator's projections. As regards the former, we have 
already stated our opinion that the Stereographic projection is the best; 
thougn, for our own use, we prefer a Mercator's projection to any map of the 
two separate hemispheres. When the planispheres are used, the projection 
is usually made on the plane passing through the twentieth meridian of West 
longitude from Greenwich, by which arrangement the continuity of the great 
continents, called the Old and the l^em Worlds, is uninterruptea. As maps of 
the world are constructed for the purpose of exhibiting the relative positions 
of countries, and the bearings of their principal ports and cities, the general 
forms and extent in longituoe and latitude of the grand divisions of the land 
and of the water, &c., it foUows that minute details are not required. Maps 
of the world, therefore, should contain nothing beyond the contour of the 
land and water as correctly as possible ; the islands with which the ocean is 
studded, the great streams, the great mountain-chains, the ports and har- 
bours, the capitals and more important towns. Hence it is not necessary 
that maps of the world should be large ; but we shall treat of the scales of 
maps presently. 

In choosing the projections for the maps of the grand divisions of the 
Earth, and for particular countries, attention must be paid to their form and 
their extent in latitude and longitude, in order that the defects of the pro- 
jection mav, as much as possible, oe thrown into those parts where they will 
DC of the least importance. With this view, the conic projection has been 
generally chosen, either pure, or in some one of its modified forms, according 
to the taste or preference of different geographers and map-makers. 

Map of Europe. -— For Europe, the pure conic projection is unques- 
tionably the best. It is produced by the development of a cone, supposed to 
intersect the sphere at the latitudes of 45° and 65°, these being intermediate 
between the mean latitude of Europe, 55°, and tiie extremes, 35° and 75°. 
On such a map of Europe, the distances on the two parallels of 45° and 65° 
are precisely the same as on the sphere, while the deficiency on the inter- 
mediate, and the excess on the extreme parallels, being distributed generally 
over the map, and in themselves very trifling, are of no practical importance. 
The rectangular spaces on the globe, formed by the intersections of the 
parallels and meridians, are represented by similar rectangular spaces on the 
map, and conseciuently there is no distortion of form. Finalfy, distances 
measured in straight lines on the map, very nearly coincide with the shortest 
distances as measured on the surface of the sphere. No other projection 
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could combine so many advantages, and accordingly we find this projection 
generally adopted for maps of Europe. 

Some geographers may perhaps be content with the development of a 
circumscribed cone, taneent to some parallel near the centre of the map. In 
this case, we think the best wonld be that of 50°, by which means the greater 
correctness wonld be found in the more important parts of Europe, while the 
errors in excess would be thrown into the comparatively little important 
regions of the extreme North on the one hand, and, on tiie other, over the 
waters of the Mediterranean and the Black Seas, and the extra European 
countries, as Asiatic Turkey and a portion of Northern AMca. The central 
meridian of our maps of Europe generally passes through the twentieth 
degree of East longitude from Greenwich. 

Map of Asia. — ^The same mode of proceeding, as that we have just 
described for a map of Europe, may be adopted for one of Asia, making the 
cone intersect the sphere at the parallels of 25 and 60. It is true, that as 
Asia embraces a greater extent of^ latitude than Europe, the errors of defi- 
ciency and excess on those parts of the map that are farthest removed from 
the parallels intersected by the cone, will De somewhat greater than in the 
map of Europe. But if we exclude the Eastern Archipelago, we find that 
the extreme South latitude of Asia comprises only the Malayan peninsula, 
the southern point of Hindostan and the island of Ceylon ; while beyond the 
fifty-fifth parallel of North latitude, there is nothing but the little known frozen 
steppes of Siberia. We cannot, therefore, see why the pure conic projection, 
which ofiers so many advantages, should not be adopted in preference to that 
distorting modification of it, which we have explained at ^, 14, in which the 
meridians are projected in curves. It is certain that this method presents 
npon the map areas eq^ual to those on the sphere; but this advantage is 
counterbalanced by the impossibility of measuring distances except along the 
parallels and meridians. The custom, however, is to make use of flamstead's 
modification. The central meridian for a map of Asia is usually that of 85° 
East of Greenwich. 

Map of Afbica. — The position of Aj&ica, extending, as it does, to nearly 
forty degrees North, and as many South of the equator, renders it impossible 
to apply to it, as a whole, any modification of the conic projection. Ifit were 
projected on two cones meeting by their bases on the plajie of the equator, these 
cones when developed would present parallels whose curvature would be in 
opposite directions, those to the North of the equator being concave towards 
the North pole, and those to the South convex towards that pole ; whence it 
follows that the equator would be represented by two diverging curves, 
touching only in a point, and the conti^ity of the continent consequently 
broken in a most unseemly and inconvement manner. Northern and Southern 
AMca are sometimes given separateljr, and in such case the conical projection 
is appHcable with advantage. But if, on the one hand, the conic projection 
be not possible for Africa as a whole, so on the other, if the cylindrical were 
adopted, it would exhibit aU the defects of a Mercator's projection, while its 
peculiar advantages would have no application. A particular projection 
therefore, is employed, which so far resembles the Orthographic projection 
described by us at ^, 2, that all the parallels are straight lines ; but while 
the parallels on the Orthographic projection approximate nearer to each 
other as they recede from the equator, they are all made equidistant in the 
projection used for a map of Africa. The meridians are projected in curves 
passing through points on the parallels determined bythe rule of decrease in 
the degrees of longitude at the different latitudes. The central meridian is 
at fifteen degrees East of Greenwich. 

This projection has been employed by J. B. Nolin for each of the four 

rrters of tne world ; its great ODJection is in the disfigurement of the forma 
the obliquity of the meridians in respect to the parallels, particularly 
towards the extremities of the map, ana which renders it impossible to 
measure distances except along the parallels. 

M 
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Map of Nobth Amehica. — ^As this portion of the world, like that of 
Asia, lies between the fifth and eightieth paraUels, the map may be projected 
exactly like that of Asia, either according to the pure conic, or to Flam- 
stead's modification of it. If the first be chosen, we would say, that 
upon the principle already alluded to, of throwing the errors into those 
parts of the map wher 3 they will be of the least consequence, it would be 
advisable to make the cone intersect the sphere at the thirtieth and fifty-fifth 
parallels instead of the twenty-fifth and sixtieth, and for this reason, that 
while the greatest amount of error in longitudinal distance would be removed 
to the barren and little known regions of the North, on the one hand, and to 
the very narrow portion south of the thirtieth parallel on the other, the 
distances alone the broad and most important part of the region, comprising 
the whole of the United States, and the settled portions of Canada, would be 
more correct than if the cone intersected the spnere at parallels more distant 
from each other. Mr. William Hughes, whom we have great pleasure in 
mentioning as one of our most scientific geo^aphers, and whose opinion has in 
general great weight with us, recommencGi placing the northern entrance of 
the cone at the sixtieth parallel, but by the adoption, as we recommend, of 
the fifty-fifth instead of the sixtieth, accuracy is brought still more witibin 
the important parts of the map, while the errors in longitudinal distance wiU 
still be but trining at sixty degrees, beyond which, the nature of the country 
renders the errors in distance of very little moment. Most geographers, 
however, prefer Flamstead's modification for the map of North America, as 
for that of Asia. The central meridian for a map of South America is that 
of 100 degrees West of Greenwich. 

Map of South Ahebica. — ^As by far the greater part of this continent 
lies to the South of the equator, the modified conic projection is sometimes 
employed for it; but the parallels being very slightly curved, owing to the 
great length of the radius nrom which they are drawn, it possesses very little 
advantage over the straight-line parallels adopted for the map of Africa, and 
accordingly the latter mode is, by most map-makers, preferred for the map of 
South America. The central meridian is that of 6(r West, and as the land 
at the southern extremity of the continent extends but a short distance from 
this central meridian, the distortion arising from the difference in the 
diagonals of the quadrangular spaces will not be great, nor indeed, if it were, 
would it be of much importance, considering the little consequence of strictly 
correct general measurements of Patagonia. 

From what has been said, it will be evident that the conic projection can 
be applied without any material practical disadvantage to the mapping of 
Europe, Asia, and North America. It is still better adapted to tne less 
extensive regions of the Earth's surface, provided they be not situated imme« 
diately on the equator. And, moreover, that whenever the extent in latitude 
does not exceed thirty or thirty-five degrees, there is very little difierence 
indeed between the distances measured on the map and those on the sphere. 
For countries on the equator, it is advisable to employ the projection described 
for the maps of Africa and South America. 

In practice it will often be found, that the centre from which the parallels 
should be described are at such a distance, Hiat it becomes impossible to 
strike the arcs in the usual way, and accordingly recourse is had to expedients 
which answer the same purpose, and the details of which wiU be lound in 
works ctd hoc. 

It is customary with some map-makers to represent the islands of the 
Pacific on a Mercator's projection, extending to forty or fifty degrees on 
either side of the equator, and such is the minuteness of these islands 
generally, that their forms and dimensions cannot be influenced hj errors of 
projection ; but their distances and bearings from each other are important, 
and accordingly we ourselves prefer employing for this great region ihe 
projection recommended for the map of Africa. 

JDiffbbent kinds of Maps. — Tne term Map is more particularly applied 
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to representations of the land or land and water together, while that of Chart 
is limited to the water surface only, including indications of cnrrents, sound- 
ings, anchorages, rocks, shoals, buoys, lighthouses, and other objects of im- 
portance to the mariner, for whose use they are specially designea. 

Maps are of two kinds. Geographical and Topogra^phical, and the former 
are eiH^ev aeneralt such as the maps of the hemispheres, the four quarters of the 
world, andi the great empires ana states, or farticulofr, (called also Chorogra- 
phiealt) such as the maps of provinces, coimties, &c. Topographical maps mffer 
from ikose called Greographical by their more numerous detaus. In order that 
erery feature, both natunil and artificial, of the surface be represented^ the 
scale of the map must be proportionably large, and hence topographical maps 
ngonUy embraci a emaUer extent of ooLtrjihim f^eoKraphiSaf m^pg, though 
there exist topographical maps of most European kingdoms. &eneral^, 
however, they are confined to much smaller simaces, as counties, parishes, 
the environs of capitals and large towns, fields of battle, &c. Between the 
geographical and the topographical map there is an intermediate kind, termed 
iemi-t^ographieal, which contains more detail than the geographical, and 
less than the topographical. 

Besides the maps required for pure geo^phy or for topography, there 
are others constructed for special purposes, mvolvm^ locality as an essential 
element. These purposes may be political, civil, military, statistical, ethno- 
graphical, historical, physical, &o., and their several subdivisions: in the 
present work, however, we must confine ourselves to geographical and 
topographical maps. 

As the difierenoe between geographical, choro^phioal, semi-topographical, 
and topographical maps, consists not in the size of the maps, but m the 
amount of detail they represent, so the possible amount of this latter 
depends entirelj^ upon the scale to which the map is engraved. 

On the Continent, it is the custom to state tne scale of maps in propor- 
tional parts of nature. The scales of general and chorographical maps range 
from a two-millionth to a two-hundred-thousandth. The first, which is equi- 
valent to about thirty miles to an inch, admits of the insertion of principal 
mountuns, nvers, great towns, and remarkable places. A scale or a two- 
hmidred-thousandth, or about three miles to an inch, admits of the intro- 
duction of lesser towns and villages, noted hills, rivers, woods, marshes, 
main-roads, S&c. 

Topographical maps range in scale firom a one-hundred-thousandth, or 
1*5 miles to an inch, to one-ten-thousandth, or six inches to a mile, which is 
the scale of our Ordnance map of Ireland. This latter scale admits the 
representation of the minutest details ; every accident of the ground, every 
bmdet, every small stream, every by-path, may be laid down on such a map. 
Maps upon a larger scale than one-ten-thousandth are rather to be con- 
sidered as plans. 

Whatever be the scale on which a map is engraved, it is generally a 
reduction from original drawings on a much larger scale : sometimes from 
regidar surveys, laid down on so large a scale that the minutest topographical 
details are delineated. Maps of little known countries, that have never been 
regularly surveyed, are either drawn and reduced from the rou^h sketches 
ofthe routes of travellers, and points laid down by them from distances and 
bearings, or are protracted by the map-maker from the traveller's note-book. 
Generally speakmg, all maps, as they now exist, (of extensive regions,) are 
the result of a combination of astronomically determined positions, of re^ar 
surveys, and of traveUers' routes and relations, and they are successively 
improved as the spread of civilization ofiers greater facility for the exact 
determination of positions. When we compare any of our modern maps 
with those of ancient construction, we are struck with their dissimilarity, 
aad the extraordinary distortion in the shapes of countries as formerly laid 
down, and we are apt to consider our modem maps as perfect. They 
certainly come much nearer to the truth than the older maps, and it is 

h2 
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Serliaps not too mnch to say, tliat, omitting the details of certain coasts 
ttle nreqnented, or still unexplored, the coast lines of the globe are prettj 
correctly mapped as to general oatline. In like manner the latitudes and 
longitudes of all capital towns and ports are, perhaps, as nearly correct as 
imperfection in instruments vdU permit. Some few are found to oe incorrect 
owmg to the imperfect state of the instruments, otherwise good, with which 
the oDserrations were taken at the time, and in some cases to want of 
ability in the observers. Such incorrect positions, however, are becoming 
every year fewer, as fresh observations are made with improved instruments 
and greater care ; and the time is probably not far distant when eyery place 
of note wiU be set down in its proper position on our maps as nearly as 
possible. It is, however, far otherwise with the other details of some of 
the most extensive regions of the earth. Thus, the interior of South 
America, though, to the eye, well filled in upon the map, offers but a 
distant approximation to truth ; and when, in atter years, the axe shall have 
cleared tne secular forests of that portion of the I4ew World, and the vast 
regions that extend from the Andes to the Atlantic, shall be covered with 
the abundant harvests and the habitations of a dense population, the maps 
of the country then constructed will, upon a comparison with those now 
existing, show our descendants how wide of the truth were our maps in the 
position of many places, and how totally different the true course of its 
rivers from what we now figure them with such show of accuracy. In like 
manner, a great portion of North America, and the whole of tne interior 
of Africa, remain yet untouched by the astronomical observer and the 
surveyor, and the same may be said of the greater part of Asia. As these 
several regions become explored by the scientific traveller, the niaps of 
them are improved. The greater part of Europe alone and of the United 
States may oe said to be correctly mapped from trigonometrical surveys. 
Indeed, if nothing were set down on the maps of other parts of the earth 
but what has been reaUy determined in a satisfactory manner, the maps of 
them would present, for the most part, so much blank paper. We have often 
thought it were ereatly to be desired that some enterprising and competent 
geographer would publish a set of maps in which the really known, the 
tolerably exact, and the merely presmned, should be distinctly marked ; it 
would prevent the loss of time incurred by going over asain what is known, 
and would point out what yet remains to be done for me exact representa- 
tion of the earth's surface, and the correct setting down of man's various 
habitations. 

Reductiok of Maps iir obnesal. — We cannot go into the details of 
the geodetic operations by which a country is surveyed. This belongs to 
treatises on geometry and trigonometry ; siiffice it for us to say, that wnere 
the material exist, topographical maps are reduced from the plans trigo- 
nometrically surveyed on the ground. Chorographical maps are produced 
by the assemblage and reduction of the topographical maps, and geographical, 
or general maps, from the union and reduction of chorographic, or particular 
maps, and it is in these reductions from the larger to me smaller scale that 
the details incompatible with the latter are omitted. We will first state 
briefly the mode m which these reductions are made, and then pass on to 
the construction of maps of coimtries which have not yet been topographi- 
cally surveyed. 

Having the original drawings of a topographical survey, the map to be 
made from them may either be, as is sometunes required, on the same scale, 
or on a reduced scale ; in the first case, all that is requisite is, to unite the 
several parts of the survey into a whole, or into sheets, each of which is formed 
of two or more portions of the actual survey. To effect this, each portion 
of the survey must have at least two points in common with the portion 
which is to join it, and these points maybe made to coincide, either by joining 
the two portions of the survey together, or by transporting the points on the 
dean paper which is to receive the contents of the sheets to which they belong 
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in oommon. In this latter case, a line must be drawn through the two points, 
and extending beyond them as far as requisite, and having, in like manner, 
drawn lines through the two points on each of the original sheets, similar 
squares or other :^ures, startmg from one of the points m question, must be 
drawn over the original survey, and over the clean paper to which it is to be 
transferred. The smaller these squares or other figures are made, the more 
exact the copy is likely to be. Kwe would avoid covering the original drawing 
with lines, a plate of glass, already marked into squares, may be applied to 
the original, taking care that the squares on the clean paper correspond 
exactly with them. All that is now to be done, is to copy each square suc- 
cessively by the eye. Essential points, however, should be transported by 
compass measurements. These operations must be continued till the whole 
is completed, taking especial care, as we have said, that there be always two 
points on each separate portion which correspond, or are repeated, on the 
sep arat e portions conti^ous to it. 

When a reduction is required, it is very simply effected by making the 
squares or figures to be filled up on the paper, tnough they must always be 
the same in number and disposition, smaller in proportion to the extent of 
redaction required, remembering that the reduction of the surface is inversely 
as tlie square of the linear reduction. Thus, if the sides of the reduced qua- 
drilateral figures are half the length of those on the original drawing, the sur- 
face of each square will be the quarter of the original. If the sides of the 
reduced squares are one-third, the surface will be one-ninth, and so on. 

In France the separate portions of a survey are at once transferred upon 
the copper in the manner we have described, both when the scale of the 
engraved map and that of the original drawing are the same, and when there 
is redaction. 

It does not always follow that, because the scale is reduced, any of the 
details of the original survey shoiild be omitted ; for the reduced scale may 
still be such as to admit of their distinct representation. Sometimes it is 
necessary to increase the scale of ama^ : but tms is always attended, more or 
less, witn the disadvantage of magnifying any errors that may exist, whereas 
tjie contrary operation of reduction CUminishes, and sometimes wholly oblite« 
rates them. 

Of Topooeaphical Maps iw pabticulab.— The great advantage of 
topographical maps consists in the numerous details they supply ; and, above 
all, in presenting the relitf of the surface ; that is, the heights and depres- 
sions so necessary to be known for all engineering and military purposes. A 
very great deal might be written on the modes oirepresenting the mountains, 
the hflls, and aU the minor undulations of the ground on the flat surface of a 
map, but our space will not allow us to go fuUy into this subject. Various 
modes of drawmg and engraving the lulls have been, and still are adopted; 
bat they may be classed under two principal heads. In the one, all that is 
aimed at is picturesque effect; in the other, a greater or less amount of 
mathematical precision has been attempted. In both, the disposition of light 
and shade is the mode by which effect is produced ; but while, in the one 
case, the proportion of this light and shade lias no other rule than tiie caprice 
or taste of the draftsman and engraver, in the other it is systematically regu* 
lated. In both the arbitrary and the systematic modes, the light is some- 
tunes regarded as falling obliquely, and sometimes as falling perpendicularly. 
The following tabular view will, however, best convey an iaea of the various 
modes adopted :•— 
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Axbitrary. 



Etched lines alone, 
these being . . . 



1 



Systematic 

and 
Arbitrary. 



Systematic. 



Etched lines alone, 
these being . . . 



Ck>ntour lines and 
etched lines em- 
ployed together. 
This mode is . . 



► 2. 



- 8. 



Contour lines alone . 






4. 



Contoor lines and 
etched lines em- 
ployed together 



Etched lines alone . 



1. X 



2. ' 






Arbitrary fai direction. 

„ „ in length. 

M M in thickness, and )■ 1. 

N «, in distance apart. 
The light falling at an angle of 45^ m 

Systematic in direction ; being the prq|ectiOB8 of 

the conres of greatest skqpe. 
Arbitrary in all else. 

The light falling at an angle of 45^ m 

Systematic in the contour lines, which are at equal 

altitudes, but the altitudes varying according to 

the scale of the map and the nature of the 

country. 
Arbitrary in the etched lines in everything but 

their length, which is limited by the contour 

lines, between which they are drawn. 
The light falling at an angle of 45^ . 

Systematic as in No. 8, the lines being drawn at | 

equal altitudes, but which vary according to i 

the scale of the map and the nature of the '' 

country. 
The' contour lines as above. 

Thickness equal. V 5. 

Spaces one quarter the co-tangent 
of slqpe. 
Etched J I No regard to light. 

toe.. 1 fDh^.},,,rtennta«i. 

Thickness proportioiial to the 

sine of angle of slope. 
Spaces as the cosines. 
Light vertical. 
' Determined in direction, length, thickness, and'> 
spaces. 3 

Besides the above seven modes there are several others, bat which must 
be all classed imder the arbitrary, except one, which is mechanical, and of 
which we shall say a word presently. In some of these the effect is produoed 
by aqnatinta shading, in others by stippling. In some maps the nills are 
represented in perspective ; in some the shiSinff is effected by etched lines, 
straight and waved, and dots, and all other moaes which the engraver can 
devise to produce effect. 

Of the several systems above mentioned, we may observe that, where pic- 
turesque effect is all that is wanted, the arbitrary modes are superior to the 
systematic ; iodeed, some maps executed according to this arbitrarv method, 
represent, in the most striking and satis&ctory manner, every undulation of 
the son, £rom the gentlest rise to the highest and most abrupt eminences. 
They accordingly give a very perfect idea of the country, but are of no use 
for the exact purposes of the engineer, or for the operations of an army. 
This is easily conceived. The engineer who has to construct a canal, a rail- 
way, or any other kind of road, to form reservoirs, to drain marshes, &c., can 
be satisfied with nothing less than positive levelis, and these the arbitrary 
modes of drawing hills, nowever effective they may be, do not supply, "ni 
like manner, the general must be able to see upon his map where artillery 
and other wheel carriages can passj where his cavalry can act, and where 
none but his Hg^ht infantry can advance; what heights command or are com- 
manded, &c. ; he therefore, like the engineer, must know the positive amount 
of the slopes, and must accordingly discard the more beautiful, though to him 
useless topographical maps, for mose where he sees the actual slope and ele- 
vation of every foot of the ground. 

As an example of arbitrary shading, we may mention the Ordnance map 
of England, which can be seen at any time. In this topographical map the 
effect IS produced by etched lines ; the light is supposed to fall upon the 
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ground under an angle of 45 degrees, and on the map to come from the left 
Band upper comer ; the shading is regulated accordingly, the greatest depth 
being given to the loftier and steeper eminences. Another and very beautiful 
example of arbitrary shading may be seen in the semi-topographical map of 
Sardinia, lately executed by General Marmora. In both these examples the 
shading is by etched lines. A map of very excellent effect as regards the 
hills, and wnich I shall have occasion to mention for another reason, has 
lately been executed at Vienna ; in it the hills are in imitation of stippling, 
and the effect is truly excellent. 

Of the systematic modes, we shall mention only numbers 4, 6, and 7, of 
our table ; and first, of the method by contour lines alone, or i^e representa- 
tion of the elevations of the surface by curves of equal altitude. This method, 
admitting of a very near approach to geometric accuracy, has for engineering 
purposes a decided advantage over every other, though in some respects it 
IS not without its inconveniences. As it has been much, talked about lately, 
and is agmn coming inte use, its history, and some details respecting it, may 
not be unacceptable to the reader. 

The first idea of the contour system is attributed by some to Philip 
Buache, but by La Croix to M. Ducarla, who, he says, considering that if a 
line were drawn joining all those points on a chart wnich are marked as having 
the same depths of water, the contour thus traced would be that of a section 
cut off by a horizontal plane everywhere distant from the surface of the 
water by so many fathoms, or feet, as are marked by the soundings — con- 
ceived a means equally ingenious and satisfactory of geometrically representing 
the elevations of the ground, or the relief of a country. We snail occa- 
sionally employ this term reliqf, because it is both laconic and appropriate, and 
because we have no other single word, as far as I know, that answers so well. 
Whether it be to Buache or Ducarla that we are indebted for the first idea 
of the contour system, it was first published by M. Dupin Triel, in 1784. It 
consists in projecting vertically upon the plane of the horizon, lines passing 
through pomts e(]uaBy raised above the level of the sea ; lines, in fact, which 
woula mark the limits of the ocean, if, by any cause, it should rise to the 
several heights indicated, in the same way as the lines joining equal soundings 
would become its successive limits if it were to sink to the depths of those 
soundings. 

The imaginary horizontal planes whose intersection with the elevations 
of the ground form the curves projected on the map, rise one above the 
other by equal quantities ; the actual amount of the rise, however, depends 
upon both the nature of the ground and the scale of the map. It is indeed 
self-evident, npon a little consideration, that in the case of very gently 
sloping ^ouna, if the altitude of the section be considerable, the curves must 
necessamy be very far apart from each other, whereas in elevations nearly 
perpendicular, the projection of sections taken at the same height, one above 
the other, would almost touch : those of a vertical cliff will in all cases 
ccMncide and form but one curve. Accordingly it is found convenient to increase 
the vertical height of the sections as the huls are more steep, and to diminish 
it as the ground is more gently undulating. 

The necessity of varying the heights according to the scale of the map is 
evident for a similar reason. For, if while the height of the sections remamed 
the same, the horizontal scale were enlarged or contracted, the same incon- 
venience would be produced. The vertical distances of the horizontal sections 
depend also upon the particular purpose for which the map is intended. 
Thus, while on ihe plans intended for certain engineering works, the sections 
may be firom two to four or five feet of vertical altitude, in topogra]^cal maps 
they may be much greater. The pure contour system may even oe used m 

feneral maps, but then the vertical heights are necessarily very considerable, 
n Dupin Triel's map of France, on a scale of about one-two-miluonth, the first 
sections, beginning with the sea-level on the coast, rise by ten toises each, where 
the ground is neany flat; further inland, where it rises more rapidly, the curves 
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indicate sections taken at twenty toiseB, then at fifty, then at <me hundred. 
The first are obserred in the north-western portion of the country, and tiie 
latter in the southern and south-eastern, where the more rapid slopes of the 
Pyrenees and Jura occur. It is eyident that whatever be the s<^e of the 
map, contour lines alone cannot convey that expression of relief that results from 
shading, unless they be exceedingly numerous and close. On a scale of one* 
ten-thousandth, or about 6^ inches to a mile, the reUef may be satisfactorily 
£i|?ured by contour lines alone. We do not, however, recommend their 
adoption where efiect is to be studied, they should be reserved for those 
purposes that require exact levels, as for draining, canal and road making, the 
dSfuement of fortifications, &c., and in these cases the distances of the curves 
from each other are much too considerable to picture relief. On the Ordnance 
Survey the contours lately introduced represent sections taleen at the altitude 
of twenty-five feet. 

When contour lines are drawn upon chorographical maps, it is evident 
the sections have not been levelled, that is to say, the horizontal planes of 
equal altitude have not been determined by the usual process employed for 
small distances. The curves are drawn uirough points whose altitude has 
been ascertained by barometrical or trigonomemcai means, and the sections 
are not flat parallel planes, but portions of concentric spheres, whose surfaces 
are parallel with the convex sunace of the ocean. It is much to be r^retted 
that curves of equal altitude, such as those on Dupin Triel's map of France, 
are not more generally applied; they would throw ^reat light on a vast 
number of some of the most interesting problems of physical geography. 
We have a map of Ireland, on the scale of ten miles to an inch, on wmch five 
successive curves are drawn at the heights of 250, 500, 1000, and 2000 feet, 
and the belts between these curves l^ing tinted, produce a very effective 
picture of the positive and relative elevations ot different parts of the 
country. A map of Hong-Kong has also been contoured in a very successfol 
manner, the scale being Tour inches to a mile, and the section one hundred 
feet vertical. Indeed, the system we are considering is admirably appropriated 
for islands, particularly when they are small, for the whole coast-line forms 
a closed curve, giving the lowest horizontal plane, or starting point, in all 
directions ; whereas in sectional maps, that is, maps of a portion of country* 
the rectangular edges of the map intersect many of the curves. This incon* 
venience is in part obviated by tne addition of numbers to the curves ; the 
same numbers denoting, of course, the same levels. 

Closed curves may represent depressions, as well as elevations, and this is 
one of the disadvantages of the system ; but if the curves are numbered, a 
little attention will suffice for determining whether the dosed curves belong 
to elevations or depressions. If the number on the innermost or smallest 
curve be greater than that of the curve next to it, the curves are those of an 
elevation \ but if, on the contrary, the number on the innermost curve be 
smaller than that of the curve next to it, the curves are those of a depression. 
Captain Vetch, of the Itoyal Engineers, has proposed to add to the contour 
lines, short etched lines on the side on which the ground falls, whicb 
effectually prevents all ambiguity on the subject. 

Upon the whole, then, the system of contour lines alone is by no means to 
be recommended as a means of representing pictorially the inequalities or 
the relief of the surface on maps ; but when positive levels are required, 
we know of no mode possessing «qual advantages. It does not therefore 
belong to maps constructed for general geographical purposes, but to maps 
designed for special objects. We now pass on to the consideration of the 
fifth system of our table. 

The French, who attach much higher importance than we do to correct 
representation of the inequalities of the surface in topographical maps, have 
at various times considered the subject in committees caUed together by the 
Government, and composed of the heads of all those scientific departments 
for whose purposes good maps are essential, such as the etat-major, the corps 
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of engineers, oiyil and military, the mining depairtment, the woods and 
forests, ilie department of bridges and highways, and ^e heads of the 
seTeral great schools, such, as the Ecole d' Application of the Geographical 
Engineers, the School of the Etat-Major, that of the Mining Corps, that of 
St Cyr, &o. These committees have on some occasions sat for three or four 
years, going most minutely into every detail of the subject, and having the 
same portions of ground drawn and engraved upon a variety of scales, and 
according to every variety of mode. 

We cannot, of course, enumerate all the opinions that were emitted by 
these most competent persons, of the respective advantages and disadvantages 
of the several systems, and their numerous modifications; suffice it in^is 
place to say, that no system has yet been devised that is wholly imobjection- 
able; that, however, which was at length adopted by the majority, and 
wluch is at this moment sanctioned by tne Govemment, is that which bears 
the number 6 of our list. 

This system is calculated to ofier, as far as possible, the double advantage 
of geometrical accuracy and picturesque effect. It is a combination of the 
contour lines with the hachures or etched lines, these latter producing the 
requisite tints of shade, which convey to the eye the effect of relief and 
that with so much truer effect, as this very shading is subject to rule, and is 
determined in strict relation to the contour lines themselves. These latter 
being determined and drawn upon the map, the space between them is filled 
up with etched lines, whose length is determined by the distance between 
two contiguous contours, while their direction is perpendicular to the contour 
lines ; they are accordingly the projections of the hues of greatest slope, of 
those, in iact, which water, acted upon by gravity alone, would follow in 
nmning down the surface. The thickness of these lines is not determined 
by any rule in the system we are now considering ; but whatever it may be, 
it is uniform throughout, the tint of the shading being effected by the greater 
or less distance left between the strokes, and tiiis is (except in the extreme 
eases we shall presently notice) invariably one-fourth of the distance of the 
two contiguous contour lines, between which they are drawn. When the 
yertical heights of the horizontal sections whose projections form the contour 
lines of the map are equal, it is evident that the contour lines will approxi* 
mate so much tne closer as the slope of the groimd is the more rapid ; and 
as the distance between the strokes is regulated by that of the contour lines, 
it is clear that the nearer the contour lines, the closer will be the hachwres 
(etched lines, or strokes of shading) to each other, and consequently the 
darker the tint or shade produced oy their means. Therefore, the steeper 
tke slope, the darker the shading, and that without any direct reference to 
the way, either slanting or vertical, in which the light is supposed to fall. 
When the contour lines are distant from each other, me strokes of shading, 
being always one-fourth of the distance between the contour lines, will also 
be far apart, which of course produces a very faint tint, such as is required for 
the representation of a very gentle slope. 

We have stated that, in extreme cases, the rule of one fourth of the 
distance of the contour lines is not observed, and for obvious reasons. So 
lon^ as the contours run in straight, or nearly straight lines, the strokes 
which are perpendicular to one of them will also be perpendicular to the 
contiguous one, and the distance of one stroke firom another will be every- 
where the same. But when the contour lines form curves, the distance of 
one fourth being taken on the upper line, and the strokes drawn perpendi- 
cular to it, these strokes naturally diverge as they descend, so that at 
their contact with the next curve their distance is greater. If the distance 
between these curved contours be not ^eat, the divergence of the strokes of 
shading is of little consequence ; but if the contours are wide apart, and the 
strokes therefore long, the divergence becomes an object worthy of attention; 
and accordingly, in such case, the distance of one fourth is taken, not upon 
the contour liues themselves, but on one drawn for the purpose midway 
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between the two, so that the strokes are brought closer together, and the 
inconyenience of excessive divergence is remedied. 

Tbe other extreme case is the opposite of the one just explained — ^namely, 
when two consecutive contours api>roach nearer than two millimetres, (about 
the *08 of an English inch). In this case, as it would be next to impossible 
to draw four strokes of shading in so small a distance, the law of one fourth ' 
gives place to an increased thickness in the strokes themselves, by which the 
very (£irk tint required for the shade of such rapid slopes as the contiguity of 
the contours indicates, is equally well effected. 

Such, then, is an idea of the fifth system on our list, and which is that 
generally adopted in France, and also in the United States, where they have 
kamt it from the French ; and some of the topographical maps lately executed 
at KewTork, according to this system, are extremely beautiful. The sixth 
system of our table, whidi is that advocated by Colonel Bonne, was sanctioned 
by the French government, in 1828, for the D^p6t de la Guerre, more 
especially for such maps as were to be en^ved. It differs from the fifth, 
but they both combine the two great requisites of geometrical accuracy and 
picturesque effect. The contours being preserved, are easily traceable by 
breaks in the continuity of the shading strokes or etched lines ; every grada- 
tion of level is marked for engineering and mihtary purposes, wnile the 
shading figures at once the undulations of the surface and points out the 
several degrees of inclination of all the slopes of the ground. ]Jet us now 
paBB on to the seventh Bystem of our list. 

In Germany and some other countries, the mode of rei>resenting the 
inequalities of the surface in topographical maps, differs essentially from the 
French systems we have just noticed. That generally adopted, though 
slightly modified in different places, is known as Lehmann*s, or the Saxon 
method. In it there are no contour lines ; the slopes or inequalities of the 
surface are represented by etched lines, or haehwrea, alone, but then the thick- 
ness of these, and their distances apart, are regulated according to scale, so that 
a determined proportion is maintained between the rapidity of the slopes and 
tiie intensity of the shading by which they are represented. The direction of 
the strokes is that of the greatest slope ; their thickness and distance apart is 
determined as follows :-— 

The light is conceived as falling vertically upon the ground, and, accordingly, 
the different parts of the sur&ce will be more or less illumined as they are 
more or less inclined to the supposed vertical ra^s of the sun. A horizontal 
surface receiving the full effect of these rays, will, in nature, be the lightest, 
and is therefore represented on the map without any shading; while a highly 
inclined diff, receiving few of the vertW rays, will be very dark in nature, 
and is accordingly represented by a very dark shading on tne map. To deter- 
mine a regular gradation, however, beifween the most and the least illumined 
surfaces, the folk»wing system wa^ determined on. 

The angle of 45^ was regarded as the greatest natural slope of the ground, 
and this was supposed uniUumined. from this inclination down to the 
horizontal, all intermediate slopes were supposed to be illumined inversely as 
the angles of elevation, and hence the angle of any slope less than 45^, and 
its supplement, or what it wants of that number, were considered as the 
proporUonal terms of light and shade on any declivity. Thus the proportion 
of light and shade on a declivity of 5^ was said to be as 40 to 5, or 8 to 1 ; — 
on a declivity of 10° as 35 to 10, or 3| to 1 ; — on a dedivitv of 15°, as 30 to 15, 
or 2 to 1, &c. These suppositions, — ^viz., that a slope of 45° is the greatest 
natural slope of the ground — that such a slope receives no vertical light — and 
that the quantity of li^ht received by fdl slopes of less inclination than 45° 
is ia proportion to such inclination, are perfectly ^atuitous, Hie facts being — 
1. That 60 is the greatest natural slope of the soil ; — 2. That a slopo of 45° 
receives a very considerable quantity of vertical light; and — 3. That the amount 
of vertical light received by any slope whatever is exactly in proportion, to 
the cosine of the angle of sucn slope. Hence it is clear, that mough the 
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Saxon method of representing the relief of the ground be systematic, it is by 
no means natural: it is, in fact, a conventional system, whose practical 
execution is thus effected:— 

All slopes of 45° and upwards are represented on the map by absolute 
black. All slopes below this, down to the horizontal, are represented by 
graduated tints of shade growing lighter as the declivily is less, till, at the 
horizontal, the pa^jer is left penecthr white. As it would be imf)ossible to 
represent every minute difference of inclination from 45° to horizontality, 
or to pass from absolute black to perfect white, so that the eye could at once 
detect the difference between oontijguous shades, the tint is effected by nine 
different grades of shading, each indicating a difference of 5° in the slope. 
The mechanical means emploj[ed to produce these nine different tints is by 
kaekures drawn in the direction of the greatest slope, and the thickness of 
these hachures, or etched lines, bears the same proportion to the white space 
left between them that the angle of the slope to be represented bears to what 
it wants of 45°. Thus— 

Angles Hor. 5° l(f 15° 20° 26° 30° 36° 40° 45° 

Tx. «^ i? /Black 0123456789 
Proportionof ^^^^^e 9876543210 

If the slope to be represented be one of 30°, its complement, or what 
it wants of 45°, is 15°, which being the half of 30°, the black lines will be 
twice as thick as the white spaces left between them, and as 45° is repre* 
sented by perfect blackness, and &om this to perfect whiteness is divided 
into nine grades of shades, it is clear, each of these grades becomes lighter 
Ihw the other by one ninth ; 45° having the whole nine parts black, 40° will 
have eight black and one white — 35° wifi have seven black and two white— 
30^, six black and three white, and so on, aa in the above table ; whence it is 
seen that, while the shading for a slope of 30° is produced by kackttres whose 
thickness, is to the space between them as 6 to 3, or 2 to 1, that of a slope 
of 15° is produced by hachwres whose thickness is to the white space between 
them as 3 to 6, or as 1 to 2. The tints thus become successively lighter as 
the rapidity of the slope diminishes, and although the progression is not a 
natural one, it is invariably determined by a conventional scale, so that, if 
strictly adhered to in practice, not only the relative steepness of the lulls is 
picturesquely represented so as to produce the sentiment of relief, but the 
positive amount of the inclination is shown ; and further, as the length of 
the slopes on the maps is the horizontal projection of such slopes, it is evident 
that this, the Saxon, or Lehmann, system, supplies the means of obtaining as 
correct a profile of the ground as the contour system of the French. Umor- 
tonately, however, the practice of this method does not answer to the theory. 
In the first place, it is exceedingly difficult in execution. No draftsman, 
whatever sldll he may have acquired, or however careful he may be, can keep 
strictly to the thickness of the strokes, and to the distance between them, 
required by the scale, and without the most perfect accuracy in this respect, 
the system loses its chief advantage. The labour of drawing such myriads 
of small strokes fatigues the eye, and diminishes its faculty or discriminating 
the thickness of the strokes and the breadth of the spaces between them ; 
the hand becomes unsteady, the pen wears thicker, the ink evaporates while 
you are working, and i^us, insensibly, you are drawing a slope of 5°, 10°, 
or 15° greater steepness than you should do; and even supposing the 
most favourable case of very exact and clever draftsmen, there is seldom 
uniformity between the several parts of the same map when executed by 
differ^t persons ; the engraver aUo may falsify the whole ; and if we add, 
that when the slopes are not taken m the field with instruments, but 
merely by the eye, tney cannot be mathematically correct, and that, accord- 
^^Ji A profile drawn from the map, may give heights very different firom 
what they are in nature — it will be evident that the German method, though 
ingenious, though systematic and beautiful when carefully executed, is 
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liable to so many defects in practice, as still to leave room for sometliing 
more perfect, more easy of application, less tedious, less expensive, and more 
readily understood by the public at large, for whom, after all, maps are 
made. Various momfications of the method just described have been 
attempted, but with little success. To detail them, and a variety of other 
systems, would require a great deal more space than we can devote to the 
subject. Nevertheless, we must say one wonl on anaglyptography as applied 
to maps. The perfect resemblance of relief which is obtamed by this art, 
is well known in ilie case of medals and coins. But the first idea of its 
application to the purposes of geography seems due to Mr. Greenough. 

At a meeting of the British Association at Bristol, in 1836, th^t gentleman 
expressed, in the Geological Section, a hope that the process in question might 
be applied to the delineation of mountains ; and at the meeting of the same 
body at Liverpool, in the following year, Mr. Dawson, one of the ablest 
dralbsmen employed in the ordnance survey, having acted on Mr. Greenough's 
suggestion, e^ddbited a small map produced by the anaglyptofi[raphic process, 
and representing a portion of Wales. Subsequently, a mucn more perfect 
specimen was executed by the direction, we believe, of Colonel Colby. Mr. 
Lowry (the father) executed for Professor Phillips a small anaglypto^aphic 
map of the Isle of Wij^t, and other maps have smce been done, particularly 
one of a portion of the Pyrenees in four sneets. In producing the appearance 
of relief, nothing can equal the process we are speakmg of; but there are two 
circumstances which will ever prevent its application to maps becoming 
general. Li the first place, a correct model of the country must be first 
produced, for it is hj applying the instrument to a model that the engraving 
IS produced. Now, it is at once evident that the expense and time required 
for modelhng, not only a whole country, but any large district, must ever 
preclude the application of the anaglyptographic process for maps of such 
extensive surfaces. Secondly, the very perfection, strange to say, of the 
efiect produced is against its use for maps. It is well known, tnat if an 
intaglio receives the light from the left, it has the appearance of a relieyo 
lighted from the right, and, in like manner, a relievo, in certain circuinstanees, 
assumes the appearance of an intaglio. Now, the anaglypto^phic process 
gives so true and beautiful an efie(S of relief, that it is sometimes necessary 
to pass the hand over the surface, in order to be convinced that it is flat. But 
from this very perfection it foUows that, unless the hght fall upon the map in 
a manner conformable to the shading of the map, all the hollows become 
reliefs, and the reliefs hollows ; so that, seen in certain positions, the yalleys 
assume the appearance of sharp ridged chains, with all the rivers and streams 
running along their summits. This very remarkable efiect is most striking in 
the anaglyptographic map of the P3rrenee8. Such maps, therefore, have the 
great inconvenience, that they can only be looked at in one direction as 
regards the light, and when they are to be suspended, they can be so, only 
on one particular side of the room as regards the light. In some cases, 
we believe, maps executed by this process have had engraved upon them, 
directions as to the way of looking at them. These, then, are inconveniences 
which cannot be got over, and accordingly the mode of engraving we are 
considering will never become general, and need not therefore engage us any 
longer. 

We cannot here go ftirther into this subject, nor is it necessary in a strictly 
geographical point of view that we should ; for whatever be the system 
employed for representing the relief of the ground, and whatever interesting 
details topographical maps may exhibit, they must all be rejected when these 
maps are reduced for the construction of geographical maps. Some few of 
the principal features, such as the most prominent elevations of the ground, 
the high roads, &c., are retained in what are termed the semi-topographical 
maps, which hold a middle position between the topographical and the 
geographical map. The former also contains all the smaller towns» and even 
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the Tillages, which, in geographical maps, cannot be set down, by means of the 
flnallness of the scale. 

Maps are constructed in an order the reverse of their details. Thus, a 
topographical or a semi-topo^aphical map is a reduction from the actual 
sarvej; a chorographical map is a reduction and assemblage of topographical 
QU^s, and a geographical map, a reduction and assemblage of chorographical 
maps, and all details which a diminished scale renders too minute to be easily 
appreciable or correctly expressed, are necessarily omitted. 

Of CHOBOGhBAFHiCAL Mafs. — We haye already explained the process for 
assembling and reducing the several portions of a survey, to form from them a 
topographical map, but when we would assemble and reduce these latter, in 
order to construct a chorographical map, we have, moreover, to subject the 
operation to the projection we adopt. For this purpose ; having projected the 
permanent parallels and meridians of the intended map, and &aced as many 
mtermediate ones as may be deemed necessary, draw upon the topo^aphical 
maps, and in their true direction as regards the north, straight pardlels and 
meridians perpendicular to each other, and corresponding with those of the 
projection ; then copy what is contained in the squares of the topographical 
map into the corresponding quadrilateral spaces of the projection. As the 
squares of the one do not exactly correspond with the quadrilateral spaces of 
the other, we must, if great accuracy be required, ascertain the distance of the 
point to be set down, from the sides of the square within which it is placed in 
parts of a degree of latitude and longitude, and then take similar parts from 
the parallels and meridians on the projection. 

Of Geogbafhical Mafs. — The passage from the chorographical map to 
the geographical, is similar to that just described for the construction of the 
former. It must be observed, however, that aa errors may have been com- 
mitted either in the original topo^aphical maps, or in the reduction of these 
to form a general map ; it is advifiable to check such errors by marking at 
once on the projection, whether it be for a chorographical or a geographical map, 
a certain number of important poiuts in their true astronomicaSy determined 
positions, so that if the intermediate spaces and objects as they exist on the 
inaps to be reduced and copied, are either too proximate or too remote, the 
distances may be extended or shortened, so as to bring them to their proper 
limits, and by spreading the errors over the whole surface, diminish their 
indiyidual importance. There are different ways of effecting this correction, 
but we are compelled to refer for such details to works treating expressly on 
the j^ctice of map-making. 

What has just been said applies only to maps of such countries ss have 
beentrigonometrically surveyed; but as this is the case for a very small portion 
of the Earth's surface, other means must be resorted to when regions less 
perfectly known are to be mapped. 

CoNSTBUCTiON OF Mafs fbom Yabious Matebials. — It is in the con- 
stnietion of maps from a variety of different materials, all more or less imperfect, 
that the talent, the knowledge, and the critical acumen of the map-maser are 
most conspicuous. We use uie term map-maker, instead of that of gec^apher, 
adrisedly ; for in our estimation they are by no means synonymous. The geo- 
grapher is not merely conversant with the positive and relative positions of the 
several objects on, and features of, the Earth's surface, but he is also acquainted 
with the particular character of the several regions of the globe, as regards 
climate and productions ; he imderstands the physical laws by which the several 
phenomena are regulated, and the influence of the soil and aspect in modi- 
r^ing the meteorological action, <&c. Now, the mere map-maker has no such 
xnowledge, nor is it perhaps, strictly speaking, absolutely necessary that he 
should possess it, not but what it would be all the better, nay, mflnitely 
better, if he did. We could, it is true, name one or two, who, in addition to 
the practical knowledge they possess of map-making, add an extensive 
acquaintance with all that a geographer should know, but they form the 
exception, not the rule : nor do we make the observation in disparagement of 
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the talented and conscientious map-maker; his merit is great, his duty 
arduous, and, if well performed, he is justly entitled to the best thanks, not 
only of the pubHc, but of the geographer himself, for whose studies he supplies 
indispensable materials. Alas! that there should be so few, so very few 
good map-makers. Of all those who supply the public and cater to their 
appetite for maps, how many are there who produce anything of their ownP 
if ot one in ten — ^not one in fifty. Nor is this all. Not content with embodying 
in their productions the labours of others, (a plagiarism, by the way, tolerated 
by usage, and without which we should haye but three or four names to all 
our m<3em maps,) they do not eyen copy correctly. Indeed, the carelessness, 
not to say the want of common honesty, with which some maps are got up and 
sent out among the public, is a crying eyil ; but — ^and we regret to say it — so 
small is the amount of knowledge possessed by people in general of this 
department of science, that if not one map in ten be good for anything, there 
is not one person in a thousand capable of detecting the errors, or discoyering 
the discrepancies of the maps they purchase. If mere were sound critics in 
this matter, map-makers would perhaps be more careful, and find it better for 
their reputation, if not more to their interest, to publish less in quantity and 
superior in q[uality. When we shall haVe explained what is required of a ^ood 
map-maker, it will soon be seen how far it is possible to belieye that anytning 
like care can be bestowed xupm those maps which are issued to the pubUc 
with a kind of railway precipitancy, so soon as any particular interest is 
attached to any particular region, fiut to return. 

The construction of the map of a country that has neyer been trigonome- 
trically suryeyed, requires the use of a great yariety of materials, and a 
profound knowledge of their respectiye yaJue. These materials are the 
existing maps, the positions, as deduced from the use of Ephemerides, the 
measurements and relations of trayellers ; and where all these difier, as they 
inyariably do, more or less, much knowledge, much time and labour, and 
great sagacity are required in arriying at eyen an approximation to the truth, 
uirough such a mass of conflicting documents. Suppose the longitude and 
latitude of a place to haye been determined by eight or ten different persons 
at difierent times, and that none agree. It wifl not do, as is sometimes 
recommended, and is the almost invariable practice, to take a mean of the 
seyeral determinations, for this may giye a position far wider of the truth 
than some of those already laid down. If, of the twelye difierent positions 
assigned to Mexico within the last century, a mean had been taken between 
the extremes of longitude, the position, instead of being rectified, would be 
set down about two hundred miles to the West of its proper place, and 
further removed from the truth than any one of the twelve positions assigned 
to it, except two ; and a mean of the extreme latitudes would place it fiirther 
North than any, but one. The same may be said of an infinity of cases, 
especially of those in which the errors, as is frequently the case, lie all one 
way. Tne conscientious map-maker, therefore, will ascertain how the several 
positions were respectively determined — ^if astronomically, how, when, and 
by whom. As to the hoio, some methods give more correct results than 
others : as to the when, what instruments comd the observer have had at the 
time ; they may, nay, in most cases, must have been very defective compared 
with those of the present day : what astronomical tables existed at the time, 
from which the observers could make their calculations, and how far could 
these Ephemerides be depended on P As to the observers themselves, were 
they known as exact and able, or were they persons who, from want of 
education and capacity, were entitled to no confidence P If the longitudes 
were determined by the transport of time, what amount of reliance can be 
placed on the watches then in use P and how far can the place to which the 
time was referred, be regarded as accurately laid down — or if incorrect, are 
the amount and direction of the error ascertained P If the positions were 
determined by itinerary measures, what were they, and is their true yalae 
positively known P Sometimes the only measure has been days* journeys on foot. 
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or estimated by the pace of the horse, the camel, &c. Was the route, in this 
case, hilly or level P How were the bearings taken, &c. P Nor is it enough 
that the map-maker satisfy himself by a nrst process of the confidence he 
can place on any of their several methods. It may happen that the very 
results which differ most widely, have been arrived at by means entitled to 
most credit. Then mnst he nave recourse to collateral arguments derived 
from otiier sources, before he come to a conclusion in favour of the one or the 
oUier, and is perhaps obliged, after all, to split the difference. 

Now it is clear, that this sifting of contradictory evidence is no easy task, 
and implies extensive information, great patience, and intense application. It 
will not always do to cut the matter short, by taking the latest observation as 
probably the most correct. The position of Mexico as laid down by Velasquez 
and Gamma in 1778, was correct in latitude, and only about fifteen miles too far 
to the West, while Arrowsmith (the elder), in 1803, places it about thirty- 
three miles too far North, and forty-five too ifar West, and the Connoissance des 
Temps for 1804, while it gives the latitude nearly correct, places it in longitude 
a whole degree too far West. We repeat it, then, little reliance can be 
placed on any maps, but such as are published by intelligent, painstaking, 
and conscientious map-makers ; their number is very limited, and they are 
entitled to the gratitude of all who have a just notion of the great importance 
of correct maps. But a map may be correct, and still not be a good map 
in every sense of the word, as we shall presently explain. 

We have hitherto spoken of the construction of maps from regular surveys 
from the assemblage and reduction of other maps, and from various sources, 
still including the use of already executed maps. We have now to say a word 
on mapping &om the mere information of travellers. 

Mafpiko fbom the Information of Tbayelless. — ^The delineation of 
conntries that have not been surveyed in any way, depends entirely on the 
relations, the notes, the information received, and the sketches made by 
travellers. From these sources of knowledge the first details of a coimtry 
are laid down, and from them the map becomes filled up, and corrected as 
fresh information is acquired. A few years since, the map of Australia 
presented one great blank ; but the Sturts, the Eyres, the Ijeichardts, the 
MiteheUs, the Strzeleckds, and other adventurous, indefatigable, and well- 
qualified travellers have, by their most hazardous and difficult explorations, 
enabled our nuip-makers gradually to lay down some important ^features of 
that vast island, and consequently increase our knowledge of that singular 
and even yet little known region. We could also point to Sir E. Schomburgk's 
travels in Guayana, and Dr. Beke's in Abyssinia, and indeed many others, as 
examples of the enrichment and correction of our maps by the mere researches 
of travellers in the absence of regular surveys. 

The value of the information supplied by explorers is not always the 
same ; some possess greater acquirements than others, and some have oetter 
or more extensive opportunities than others of applying their ability. It can 
of course be the lot but of very few to unite the varied knowledge of a 
Humboldt, and bring home as the result of their travels, new. facts gleaned 
from every department of nature, and throw new light upon the questions 
relating to the several races of mankind, their language, arts, customs, and 
institutions. Almost every traveller is remarkable for some speciality, and, 
according to the bent of his inclination, directs his principal attention to this 
or that particular object ; but we have here to deal chiefiy, if not exclusively, 
with his ability aa a topographer. 

If the traveller be possessed of good instruments for observing the 
latitudes and longitudes of the several remarkable points of his exploration, 
and knows how to use them jjroperly, this gives very great value to his 
mdications ; for, if his observations can be refied upon, they not only serve 
to check the data afibrded by his bearings and itinerary distances (if he has 
noted these), but enable us to lay down the points with precision without the 
aid of any bearings and distances, and of assigning to them their proper 



176 CHARTOGRAPHY. 

places on a conio or any other projection, without those redactions that are 
mdispensable when the distance of points otherwise ascertained is such, that 
the spherical surface of the earth must be taken into account. 

If the traveller be not supplied with the requisite instruments for the 
astronomical determination of tos latitudes and longitudes, or is unacquainted 
with the use of such instruments, his points must be laid down by Dearings 
and distances. This is a yery common mode in rapid exploration, and l£e 
result will be the less incorrect, as the cross bearings have been more multiplied 
and taken with the greater care, and aocordinff as the itinerary measurements, 
whatever these be, are properly reduced wiSi regard to the nature of the 
ground traversed. A long route thus laid down can hardly be esteemed 
tolerably correct, unless it terminate at some spot whose position is pretty 
well known ; in this case, its more glaring errors may be compensated. In 
like manner, if the traveller return to his starting point by anomer route, the 
one will serve to correct the other. If, subsequently, another traveller start 
from some very difierent direction from the first, and come to any point laid 
down by him, this new route furnishes an additional means of corroboration 
or correction, and thus by degrees the map is improved, and tolerable accuracy 
is at length obtained. 

As the traveller proceeds, he does not confine himself strictlyto his direct 
route ; he often leaves it to explore to his right and left. He notes the 
remarkable hills and other objects he sees around him, judges more or less 
correctly of their distances, ana sets down their bearings. He notes the rivers 
he passes, their direction, their depth, and breadth, and the strength of their 
currents, marking careMly the day and hour of all his observations. He 
cleans, moreover, all the information he can from the natives, carefullj stating 
his reasons for believing or discrediting their assertions. Sometmies the 
traveller maps his route himself, and this greatly assists the professional map- 
maker's labour. But it too often happens, not only that notes are all the 
traveller brings home, but that, either through inadvertence on his part, the 
notes are incorrect, or he may have neglected some important feature, such as 
a river, or may have stated the direction of it to be the very reverse of what it is, 
or he may have set down as a fact what he heard from natives, who may, 
through ignorance or desijgn, have made a false statement. One part of the 
traveller's notes may be d£ectly contradicted by another ; indeed, tne sources 
of error are numerous, and yet it is from such materials that the map-maker 
is often called upon to protract a traveller's route through an unknown region, 
and lay down topographical features where there was only a blank before. 
Great discrimination is therefore required of him, and it is only the rare few 
who are able and willing to bestow upon their maps that great amount of 
labour, which, in so many cases is indispensable, and which, after all» only 
assures an approximation to truth. 

Having thus far initiated the reader into the art of mapping, which, as we 
have before stated, cannot here be treated of in extenso, we shidl explaili what 
we meant by saying that a map might be correct, and yet not be a ^ood map. 

A CoBBECT Map kot always a good onb. — ^A great error prevails almost 
universally in respect to maps — ^namely, the desire of making tnem answer aU 
sorts of purposes at once. Most persons expect to find on a map every place, 
no matter how insignificant it may be ; and if their own hamlet or the village 
where they reside oe not set down, are inclined to look upon the map as 
incomplete. Then, again, they would have all the politick divisions and 
subdivisions, and as many of the physical features as possible, as also historical 
and statistical indications, &c. Iu>w, there cannot be a more ill-conceived 
exigence. We have already stated, that a geographical map should contain 
nothing beyond the capitals, principal towns, po^s, narbours, capes, and other 
prominent features ; the general chains of mountains, and principal rivers, and 
nigh-roads, and the limite of empires and states. Anything beyond this tends 
only to confusion. We could mention a striking example in the case of a 
modem chorographic map, which we have every reason to believe very 
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accurate ; we know it to be beautifully executed ; but the publisher, from a 
desire to meet the ridiculous wishes of his numerous patrons, has inserted 
every hillock in the land, every petty glen and fillet of^water, the projected 
railroads, as well as those executed, the celebrated battle fields, the liffht- 
houses along the coast, the merest Tillages, and even gentlemen's seats, &c. ; 
and all this on a map of no greater scfue than twelve miles to an inch, pro- 
ducing altogether a mass of grey confusion, a crowd of names, many of tnem 
insigmficant, and which can hardly be read without a glass. This, therefore, 
though a correct, is not a good map. 

Scale of Maps. — The scales of maps must naturally vary with the particular 
nature of the maps, and should be determined by that alone. Such is the 
€886 with all maps constructed in France under authority. But, in our own 
country, where there exists an exaggerated aversion to centralization, no 
matter for what purpose, and where the government are too glad of such an 
excuse for leaving imdone manjr things which they alone could effectually 
accomplish, everyming appertaining to maps is left entirely to the discretion 
of map-makers, publ^hers, and vendors, who, in perfect i^orance for the 
most part of the miportance of the scales of maps, do not give the matter so 
much as a thought ; with them the scale is nothmg, the size ever^hing, and 
this is regulated with a view to mere convenience, by the dimensions of the 
paper they think proper to employ in each individual case, whether for single 
m^^ or atlases. So almost invariably is this the case, that when the writer 
once made inquiry X)i several map-makers, respecting the scales generally 
employed by them,^ of wldch he requested to oe favoured with a list, the 
answer received firoin all was to the effect, that to give a list of the several 
scales they had employed, would be to ^ve a list of all the maps they had 
published, as they aid not believe they had ever issued two on the same scale, 
though they had made several of the same size. 

This is the fault of the publishers much more than of the map-makers ; the 
former employ one of the latter to prepare a map or an atlas. I want it, say 
they, to be on a sheet of so many inches by so many, or we want a quarto 
atlas, an imperial quarto, an oblong quarto, a large folio, a small fouo, an 
imperial octavo, &c. The map-maker, thus restricted to size, has to consider 
how much margin he will leave, and this, with the ^ven dimensions of the 
paper, determine the size of the engraving ; within this size the country must 
be crammed, whether it contain fiffy or only ten de^ees of latitude or longi- 
tude, and accordingly, in no case is there any relation between the length of 
the degrees and any definite scale. Thus, for example, an octavo auas is 
ordered; the size of the map within its border is 9^ mches by 7^ (the maps 
being folded in the middle). Now, a map of England and Wales, reduced to 
these dimensions, will be on a scale of 44*8 miles to the inch. Europe, in 
the atlas, must be brought within the same dimensions, and here the scale will 
he 347 miles to an inch, and so of all the other countries and regions included 
in the atlas, no two of which will be on the same scale, and not in a single case, 
perhans, redudble to even an arbitrary scale of inches, without firactions, 
much Jess bearing any regular proportion to nature. 

The inconvenience of different scales, even, when they are limited and 
defined, is almost unavoidable in the case of an atlas ; but the number of 
scales may be greatly reduced, as in the better system lately adopted by Mr. 
Shiupe, of whose atlas we shall say more presently. 

The larger the scale of a map, the greater the number and variety of the 
details it may admit. But it does not foUow that because the scale of a map 
he large, the map must necessarily contain much detail ; some very large 
maps contain much less than some very small ones. 

Class mcips, or those intended for the instruction of classes in schools, for 
lectures, &c., are executed on very large scales, in order that such features 
and names as are traced upon them may be sufficientlv . distinct to be seen at 
ft distance, and with the same intention they scarcely contain any but the 
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more remarkable features of the region, and no names but tbose of tHe most 
important places and objects. 

Library Ma/ps, that is, such of them as are intended to be suspended upon 
rollers, or otherwise, are usuall^r on a large scale, and, generally speaking, are 
semi-topographical maps. Their use bemg for geneml purposes, they are 
more fall in respect to places than geographical maps, but as they represent 
large regions they ciumot exhibit toposraphical details. 

County Maps are topographical, and accordingly their scale must be lar^e. 
Such maps are chiefly employed for suspending in town halls and in tiie 
board-rooms of the local magistracy, &o. 

Road Maps, like library maps, are, or should be, semi-topographical, but 
their scale is usually determined by the extent of country to be drawn on a 
portable size for the use of travellers ; for portability being a desideratum, 
it is evident that a road map of all Europe must hardly take up more room in 
a traveller's baggage, or be less convenient for constant reference, than a road 
mapof our island. 

The scales of maps then must vary with their nature and objects ; but, 
unless in a few exceptional cases, the scales best adapted for the different 
kinds of maps should be regulated upon a principle, and not be left to the 
arbitrary determinations of any compiler of maps. 

One of the great advantages of maps is their pictorial nature, the eye 
readily receives, and the memory easily retains particular forms, and thus a 
person who only occasionally consults maps, can immediately recognise a 
country by the general form of its outline, without the assistance of any 
name, while a person still more conversant with maps, knows at once where 
to place his flnger on any remarkable town, by remembering its distance 
from, and position in re^rence to, some particular portion of the general 
outline, &c. But these advantages are greatly lessened by the indiscriminate 
use of all sorts of scales. Every one must have experienced, whenever, in the 
course of his researches, he has to consult difl'erent maps of the same country, 
the puzzling effect of different scales, and the loss of tune in finding out the 
spot he is looking for, and to which his eye would immediately have guided 
him, if the scales nad been the same, or even some aliquot part of each other. 
Thus, if after looking for Valladolid on a map of one scale, we go to another map 
on a very different scale, the probability is, that we shall be some little time 
in finding it. We may very well know that this city is on the Esgueva, near 
to its confluence with the fisuerga, but it will be as difficult to find these 
tributaries of the Douro as the town itself. Whereas, if the second map 
referred to were on the same scale with the first, we should put our finger on 
Valladolid at once. Or, if the second map bore some definite proportion to 
the first, we should be greatly assisted in our search by knowing what that 
proportion was. Affsin, it is very desirable to have a correct idea of the 
relative size of different countries, and nothing tends more to falsify our 
conceptions on this subject than the multipHcity of arbitrary scales in use 
among us. 

The D^pot de la Guerre, in France, have determined that general maps, 
i. e. those of the four quarters of the world, shall be on a scale of one-two- 
millionth, or that two millions of metres on the ground shall be represented 
by one metre on the map, and all other maps on scales determined by succes- 
sive decimal reductions, or aliquot parts of this. Thus, a degree of latitude 
of the general map being taken as unity, a degree of any other general map 
is '5, "2, or '1 of such umty ; by which means a regular proportion is main- 
tained throughout the whole series. 

If we were to adopt a system similar to that of the French, the radius 
of the earth would be represented by ten feet six inches, a duodecimal 
division of which might afford a series of convenient scales for all our maps. 

We have stated l^at, in Mr. Sharpens Atlas, the number of scales has 
been greatly reduced, and we gladly had this as a step in the right direction. 
The maps of this Atlas are called by the author, Corresponding Maps 
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There are in all fifty-four, constructed npon only four difEerent Bcales, and 
according to these scales, the maps are desi^ated by the names of Conti- 
nental, Intermediate, Divisional, and Enlarged. Of tne first kind there are 
ten; of the second, seyen ; of the third, twenty-seyen ; and of the fourth, six ; 
besides which, there is one, that of Switzerland, whose scale is much larger 
than the rest-— two hemispheres and a Mercator map of the world. The 
linear scale of the Intermediate maps is twice that of the Continental ; that 
of the Dirisional, fiye times that of the Continental; that of the Enlarged, 
fifteen times that of the Continental, or three times that of the Diyisional. 
The arrangement of this Atlas residts in a somewhat difierent distribution of 
countries and regions from what is customary, and which, if it has its 
advantages in some cases, is, perhaps, inconyenient in others. Of the general 
accuracy of the Atlas we are not prepared to speak, nor would this oe the 
place, under any circumstances, to enter into its details. We observe that 
the latest discoveries are inserted, and therefore presume that the compila- 
tion has been careAilly made. We. merely notice this Atlas on account of 
its peculiar features, of which there are two others, besides the small 
number of scales. Thus, instead of two hemispheres, as usual, we have here 
four equal sections of the earth's surface ; an arrangement not new, though 
seldom adopted, and which has both its advantages and its defects; the 
former consisting in greater accuracy as to the form of the several regions 
of the earth than is possible according to the usual projection, whi& its 
defect is the interruption of continuity of the great eastern continent. In 
the present case, however, this is not, perhaps, of much consequence, the 
separation being at the fifty-fifth meridian, close upon the confines of Europe 
and Asia, northward of the Caspian. It is true Persia is cut in two, and a 
slice of Arabia scinded. The next particular feature of the Atlas is in the 
adjustment of the scale of English miles to every separate map. 

When the earth is considered as a perfect sphere, all tne great circles 
are of the same extent, and accordingly one degree of a meridian is of equal 
length with a degree of the equator. But the case is otherwise when the 
true figure of the earth, which is somewhat flattened at the poles, is taken 
into consideration ; for then the meridians are no longer arcs of circles but 
of ellipses ; the arcs, having less curvature as they approach the poles, are 
arcs of larger circles, and consequently a degree of latitude near either pole 
is kr^r than a de^e of the equatorial arc, so that if a degree of the latter 
oontam 69*15 British miles, the degrees of the elliptical meridian will difier 
^m this, and be so much the longer as they are nearer the poles. With a 
▼iew, therefore, to greater accuracy of admeasurement than is customary, 
Mr. Sharpe has given upon each map the exact number of British miles 
contained in a degree of its middle latitude. This efibrt at increased accpracy 
is praiseworthy, as denoting what we so much wish to see, a desire on the 
part of map-makers to nmke their mans as perfect as possible. But, at 
the same time, when we consider that tne very element of the calculation 
for the number of British miles in each degree of latitude — viz. the amoimt 
of depression at the poles, is still matter of dispute, being variously given, 
^ T^T' T^T* T^T* ^•> ^'^^ that, in any case, the fractional difierence for a 
degree amounts only to a few hundredths of a mile, and lastly, that measure- 
ments on a map can never be exact, — ^we do not see that any very material 
advantage is gained by the system here adopted. Nevertheless, we repeat 
our conviction that the reduction in the number of scales is an important 
point effected, and in so far is an example worthy of imitation. 

In cases such as that of the Atlas just mentioned, we think it would be a 
great improvement if the smaller scaled maps were made to serve as indexes 
to those on the larger scales, by drawing faint lines on the former to show 
the boundaries of the latter, with comer numbers of reference. 

Whatever be the scale of a map, it is much to be desired, for more reasons 
than one, that such scale be invariably stated. In the first place, it saves the 
time and trouble of finding out the scale by measurements ; secondly, when 
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we know the scale, we can carry it pretty correctly in the eye, so as at a 
glance to have a tolerable idea of the distances of places from each other ; 
uiirdly, it enables ns at once to add the scale to the other details in making 
'a descriptiye catalogue of maps, and such a catalogue, without the scales 
being giren, is imperfect in one of its most important items. 

Be it, moreover, observed that, though most maps have scales affixed to 
them, they seldom announce any definite proportion ; that is, they say, for 
instance, geographical miles, British miles, &c., of each of which the scale 
contains a certain arbitrary number, and the smaller divisions are sometimes 
units, sometimes fives, or tens, or fifteens, &c., and if an inch measure be 
taken in the compasses and applied to the scale, it falls in with none of its 
subdivisions. In order to supply this deficiency of our maps, the writer has 
constructed a Chabtombtbombteb, which, by merely applying it to the 
central meridian of any map, indicates (with sufficient accuracy kht all prac- 
tical purposes) the scale of the map in number of geographical and of British 
miles to an inch. 

With respect to these British or rather English miles, it may be well to 
remark, that difierent map-makers state them oifierently. Thus, in one Atlas 
we find on some of the maps 69 English miles to a degree ; on others, 69*1, 
and 69*12. Another Atlas has simply ' scale of British miles,* without stating 
how many of them go to the degree. Another, again, has everywhere 69 British 
miles to the degree ; while a fourth has 69*2 ; a fifth, 69'5 ; and Sharpe's 
Atlas, as we have just seen, states the number of British miles to a degree 
difierentiy on the difierent maps. Geographical treatises also give the pro- 
portions variously. In the midst of this confusion it is not easy to say who 
IS right ; the probability is, that not one is strictiy correct ; for, admitting that 
our standard measure of length be well determined, the measurements of 
various arcs of meridians are not so perfectly correspondent as to comprise 
any exact or invariable number of English nules. Tne differences, however, 
are too trifling in amount to be of any practical importance in such measure^ 
ments as are made upon maps ; for even if the amount of depression at the 
poles were exactly ascertained (which it is not, being variously stated, as we 
nave shown, at t^, -Ar* -^t &c-)> <^cl if the numl^r of British miles to a 
degree of latitude m dmerent parts of the elliptical meridian were most accu- 
rately determined, still straight-hue measurements on a map can never be 
exact by reason of the distorting effects of projection. A more or less close 
approximation to truth is all that can be obtained, and, indeed, is all that 
need be sought ; and while the scales of British miles vary in two different 
maps, as, for instance, 69 miles to a degree on map A, and 69'5 on map B, 
the probability is that in some one direction, or m some particular part of 
map A, the scale of map B is nearer the truth than that indicated on map A 
itself, nsiAvice versa. It must be borne in mind that we are here alluding only 
to the small fractional differences in the several statements of the number of 
British miles to a degree, and that when we assert that these differences are 
of littie practical importance, we are by no means to be understood as saying 
that the scale of maps is a subject of indifference ; on the contrary, we nave 
endeavoured to show that it is a subject of great importance in many respects. 

Gbaduation op Maps. — The graduation of maps is little less arbitrary 
than their scales ; in one point, however, uniformity prevails, it being the 
practice to diride the meridians and parallels in the same manner. These 
divisions themselves vary: — thus, the parallels and meridians are drawn 
sometimes at every degree, at other times at every second, every fifth, ot: 
every tenth degree. This is a matter which, of course, depends much upon 
the scales of the maps. When tiie scale is small, the parallels and meridians 
may conveniently be drawn at every tenth degree, on a medium scale at every 
fifth degree, and on larger scales at every single or every second degree, and 
this seems to be the general practice } but that it is arbitrary is evident from 
the fact of maps by different compilers being differentiy graduated, though 
on the same, or nearly the same scale. When the division is by tenth 
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degrees, then each of theae grand diyisions, on the borders of the map, may 
be subdivided into two portions of five decrees each, and each of these again 
into five parts or single degrees. When me division is hj fives, each may be 
subdivided into five single degrees, and these again into halves, or 30 minutes 
or geographical miles. When the parallels and meridians are drawn at every 
s&Snd degree, then, on the borders of the map these may be divided into 
two portions, representing each one degree, ana these a^am subdivided into 
three parts of 20 minutes each, or into six parts of ten mmutes each. When 
the division is into single degrees, these may be subdivided into six for 10 
minutes each, or into twelve for 5 minutes each. 

The object of graduation is the finding of the longitude and latitude of 
places on tne map ; but unless in cases where the parallels and meridians are 
Doth straight lines, (as in a Mercator projection,) it answers but very inef- 
ficiently the purpose intended. When the parallels are straight lines, as in 
most maps of Aj&ica and South America, the latitude is easily found by 
placing tne edge of a ruler (sufficiently long to reach from the place to the 
nearest border of the map) against the place and everywhere equioistant from 
the nearest parallel, when the graduation on the border, at the point inter- 
sected by the ruler, shows the latitude. 

In the Conical Projection, even when the meridians are straight lines, the 
latitude cannot be taken from the border of the map, for as this intersects 
the parallels under very difierent anfi;les from what the meridians do, the space 
comprised between any two paralkls on the map is much greater at the 
border than elsewhere ; indeed, the exact latitude can hardly be found but by 
drawing an arc concentric with the parallels on the map, and passing through 
the place; but in order to do this, the common centre of the parallels must be 
found, which it is always difficult and often impossible to do. 

The longitude may*De approximately found on the conic projection, when 
the meridicuis are straight, oy placing a ruler of sufficient length close upon 
the place, and in such wise that it may intersect the same degree of longitude 
marked on the top and bottom borders of the map. In those maps where 
both the meridians and parallels are curved, the border graduation of the 
map only supplies the means of a veiy rough measurement or guess at the 
longitude ana latitude of any place. It would be a decided advantage if the 
central meridian of all maps were graduated for the latitude, and tms might 
very easily be efiected without the slightest inconvenience or disfigurement 
of the map ; and when the other meridians are curved, the graduation for 
longitude should be marked on some convenient part of every parallel, 
between any two contiguous meridians. By this means, and with the aid of 
a pair of compasses, the latitude and longitude of any place might be found 
pretty exactly. 

CoNVBBsioN OP LoNaiTTTDES. — ^Li the graduation of maps, the longitude 
unfortunately is not always reckoned from uie same meridian. Thus, Ptolemy 
fix^d his first meridian at the Fortunate Islands (the Canaries), as being 
the most westerly country known in his time, though the precise point is 
still doubtful. 

Louis Xm. ordered that the first meridian should be drawn through the 
Island of Ferro, the westernmost of the Canaries. * Delisle had made out the 
longitude of Paris twenty degrees to the eastward of this ; but subsequent 
and better information gave ^ 5' W for the lon^tudinal difierence of the 
two places. The first meridian was accordingly shifted 5' 60" to the East, so 
that, at the present day, the meridian of Ferro is quite conjectural, and 
passes by no remarkable place. 

By tne Dutch the first meridian was made to pass over the Peak of 
Tenerifie. 

Grerard Mercator chose for the first meridian that which passes over the 
island Del Corvo, one of the Azores, because, in his time, the needle there 
showed no variation. 

At the present day, however, almost every country considers as first 
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meriditto that which passes oyer its own capital or obserratory. Thus, the 
French reckon from Paris, the English from Greenwich, the Spaniards from 
Cadiz or Toledo ; the Bussians hare hitherto, like onrselyes, reckoned from 
Greenwich, though occasionallj from Ferro; but it is nrobable, now that they 
possess a ma^nilcent obseryatory at Fulkoya, near ot. Petersburg, they win 
reckon their K>ngitudes from that place. The Anglo-Americans reckon from 
Washington, ihe Yenezuelans from Caraccas, and, as M. Jomard obsenres, 
Hie Australians may perhaps ere long haye their own first meridian. 

The following table will show the longitudes of the principal first 
meridians with reference to Greenwich : — 
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When to this diyersity be added, that some geographers reckon the longi- 
tude eastward all the way round the equator from to 360, while others 
count both eastward and westward, 180 degrees each way, and that some 
deduce their longitude from some particular meridian not considered as the 
first by any people, it wiU be easily conceiyed what confusion exists in ihis 
matter, liiaeed, the perplexity is often great when we would know the 
longitude of any place, as reckoned from afferent meridians, or in different 
ways from the same meridian. Some map-makers (and this is a great oyw- 
sight) do not eyen state upon their maps from what first meridian the 
longitude is reckoned. When the first meridian and the mode of counting are 
known, a calculation is necessary wheneyer we would refer the longitude 
giyen, to what it would be if reckoned in a Afferent way, or from some other 
first meridian. 

The longitude reckoned all the way roimd is called the Q^ogi^hical 
Longitude; that which is reckoned only half-way round. East and West, is 
called the Nautical Longitude, and accordingly, as we haye to deal with the 
one or the other, the mode of reduction is diSerent. 

In the first case, (that is, reckoning the longitude all the way round,) 
when we would find, from the longitude as giyen from any particular first 
meridian, what it would be reckoned from any other first meridian, the 
rule is — 

Take the difference of the two first meridians, and if the one from which 
we are desirous to count be to the westward of that giyen, add the difference 
to the giyen longitude ; but if it be to the eastward, subtract it. 

1st ±:xample.--The ^yen longitude of Calcutta is 271° 32' East of Pans. 
Query — ^what is its longitude from Greenwich F 

Greenwich is 2° 20' 23" Whit of Paris, consequently 271° 32'+2° 20' 23" 
= 273° 52' 23". 

2nd Example. — Moscow, giyen longitude from Ferro, 65° 14' 45". Query 
— ^what is its longitude frSm Faxis ? 

Paris is, 20° 30' East from Ferro; accordingly 56° 14' 45" -20° 30' 
= 34° 44' 45". 

If, after the addition, the whole be more than 360 degrees, which may 
often happen, then the rule is — 

Subtract 360 dej^ees from the larger sum, and the remainder will be the 
longitude sought. Thus — 

3rd Example. — Madrid is 353° 57' 40", Geographical Longitude, East of 
Paris. Query — ^what is its longitude, counted after the same method, from 
Ferro P 

Ferro is 20° 30' West from Paris. Then 353° 57' 40"+ 20° 30'=374°27'40"j 



CONVERSION OF LONGITUDES. 183 

ihifl is more than the whole circle; accordingly 374° 27' 40"— 360°= 14° 27' 40". 
the geo^aphical longitude from Ferro. 

Agam : if the given longitude be less than the meridianal difference to bo 
subtracted, the rule is — 

Add 360 to the longitude, and then subtract the difference. 

4th Example. — ^The Island of Gomera is 32' from Ferro. Query — ^what is 
its longitude from Teneriffe P 

32'-|-360°=360° 32', and the difference of the meridians being one degree, 
360° 32'— 1°=359° 32', which is the geographical longitude of Gomera from 
the Duteh forst meridian of Teneriffe. 

In the case of Nautical Longitude to be reduced to Geographical Longitude, 
we may observe, that when we reckon from one and the same first meridian, 
the geogranhical and the nautical longitudes are the same as far as 180° 
East. £i tne case of West longitude, the rule is — 

Subtract the given West longitude from 360, and the remainder will give 
the geographical longitude. Thus — 

5tli Example. — ^Icy Cape is 161° 30' West of Greenwich. Query — ^what is 
its geographical longftudeT 

360°— 161° 30'=198° 30'. 

It is self-evident that by the inverse operation, geographical longitudes 
above 180° may be turned into nautical longitudes by subtracting them from 
360. Thus— 

6tih Example. — ^The geographical longitude of Icy Cape is 198° 30'. Query 
"—what is its nautical longi^de P 

360°— 198° 30'=161° 30', West. 

But if the case regards two different first meridians, or starting points, 
then the rule is— 

See first whether the meridian to which we would refer the longitude be 
to the East or to the West of that from which it is given ; then stUtract the 
difference of the meridians, when they are of the same name, and add when 
they are of contrary denominations. Thus — 

7th Example. — Constantinople is 29° JSast of Greenwich. Query — what 
is its lon^tude from Paris P 

Now raris is 2° 20' 23" Hast from Greenwich ; therefore 
^ 29°-2° 20' 23"=26° 39' 37". 

8th Example.— Oape Horn is 67° 21' 15" West from Greenwich. Query— 
what is it from Paris r 

67° 21' 15"-h2° 20' 23"=69° 41' 38" West. 

It sometimes happens that the place whose longitude is to be reduced lies 
between the meridian given and the one to which we would refer it ; being to 
the East of the one, and to the West of the other. In this case the rule is — 

Subtract the longitude from the difference between the meridian given, 
and that to which the place is to be referred, and change its denomination. 
Thus— 

9th Example.— Dover is 1° 18' 30" ^ast from Greenwich. Queiy— what 
is its longitude as referred to the meridian of Paris P 

The difference of the two meridians of Greenwich and Paris is 2° 20' 23", 
therefore 2^ 20' 23';-l° 18' 30"=1° 1' 63" West from Paris. 

What happens in reference to places situated between the meridian given, 
and that to wnich a place is to be referred, may also happen in respect to their 
opposite meridians. Thus, when instead of subtracting, we have to add to 
tne given longitude the difference between the meridian from which it is 
reckoned, and that to which we would refer it, we sometimes find it greater 
than 180 degrees. In this case the rule is — 

Subtract the sum from 360°, and change the denomination. Thus — 

10th Example. — Tortoise Island is in 177° 57' West longitude from 
Greenwich ; what is its longitude from Paris P 
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As in this case, the difference of longitude between Paris and Greenwich 
is additive, 177° 57'-h2° W 23"=180P 17' 23", which being more than half 
the eqnatorial circle, mnst be subtracted from 360°. Thus — 

360°— 180° 17' 23"=179° 42' 37" East longitude from Paris. 
From ^e above examples it will readily be seen, how y er^ desirable it is that 
some one first meridian be adonted by all nations ; this desideratum has been 
frequenlly and loudly insistea upon by the most eminent geographers of 
Europe, but it is to be feared, alas I that absurd national prejudices will eyer 
stand in the way of so desirable a reform, as it does in that of many other 
important changes. 

Dbtails of Maps.— a very great deal might be said on the details of 
maps, such as the choice and size of the character used for the names of the 
seyeral objects ; the limitation of the double lines of riyers to the extent of 
their navigation ; the modes of indicating the mountain chains, &c. The 
colouring of maps ; the kind of paper best suited to maps of difierent kinds ; 
the best methods of mounting, arranging, and cataloguing them, and many 
other matters ; but to ^o into these detaik would be to lengthen the present 
article far beyond the hmits to which we must of necessity restrict ourselves. 
For the same reason, we have been xmable to give any history of the progress 
of map-making, or to say anything of ancient maps, such as the Catalans, 
the PortulatM, &o. Indeed, as we stated at the commencement of the present 
chapter, the subject of Chartography, fully treated, woidd of itself fill a large 
volume, and require to be illustratea by many and expensive plates. 

We cannot, nowever, dose the present article without protesting against 
the general want of attention to the orthography of maps. Surely something 
like greater uniformity in our manner of writing foreign names might bi 
efiected. The Boval Geographical Society have long since established a rule 
for the orthography of Oriental names, which is both simple and judicious, 
and if adhered to in maps, in books of eastern travels, and in geographical 
works, would go a ^eat way to diminiBh the confusion of which every one so 
justly complains. The system to which we allude is as follows : — 

Geoosaphical OsTHoasAPHT. — The orthography, as far as possible, is 
reduced to a fixed standard, each letter having invariably its corresponding 
equivalent. The consonants are to be sounded as in English, the vowels as 
in Italian. The accents mark long vowels, and the apostrophe the letter 
'am; ffh and kh are strong gutturals; the former often like the Northumbrian 
r, the latter like the Scoteh and Welsh ch: a as in far ; e as in there ; i in 
ravine; o in cold ; u in rude, or oo in fool ; ei aseyin, they; a« as ofo in fowl; 
at as i in thine ; ch asm child. 

What has thus been done for 'eastern names, might in like manner be 
effected for those of the Slavonic nations, Itussia, &c. Sut to expect improve* 
ments of this kind, would be to look for an amount of zeal ana industry on 
the part of our map-makers for the real interests of the science, which we are 
not likely to find. 

We must now conclude this brief memoir on maps, which, imperfect as it 
is, will, we hope, prove acceptable to our readers. 
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CHAPTER I. 
INTRODUCTION. 

\ 1. General outline of the satijeet — 3. Diyisioiia of the snt^eot.— 8. Flaaetary eonditkm of the 
earth. — 4. Elemental oonditions of matter. — 6. Mechanical conditions of matter, and diVt- 
dons of science thence resulting. — 6. Adrantage arising from the study of rhjaical Geography. 

/GENERAL Outline qf the Subject. — ^If, in a BjBteim of geography it is 
Or thought necessary to explain in detail those facts which bear upon the 
occupation of the earth by man, it is not less important to oommnnicate a 
general view of the various mutual relations of the inorganic and organic 
bodies met with on the Earth's crust, howeyer these may sometimes have oeen 
neglected by writers whose views were limited to the more technical part of 
the subiect directly before them. ^ 

Sucn general views and discussions it is the object of Physical Gboobapht 
to furnish, and to this the science thus designated is properly limited. It 
regards the human race in its relations with external nature. It nas, however^ 
no concern with human history ; nor does it directly introduce those important 
commercial interests which bind together different branches of the great 
human family. It deals not with artificial boundaries of nations, or with the 
position and relative importance of those localities where men congregate in 
multitudes. It maJces no reference to the habits of men, or the distinction of 
races, except when these, in their turn, affect the general grouping of organic 
beiugs on the globe. 

The scope and objects of this science are, however, sufficiently interestingt 
and bear in no trifling degree on the most important interests of men. 

Physical geograpny is the history of the earth in its whole material 
organization ;— as a planet, inasmuch as it affects, and is affected by, the other 
planets of our solar system, and all other bodies in space ; as a mass of 
matter, whose external crust exists in various mechanical conditions acting 
on and affecting each other ; as the seat of organic life, consisting of certain 
tribes of veffetables and animals adapted to its present state ; as subject to 
certain mechuiical and chemical changes which modify the conditions of 
organic existence ; and, lastly, as containing and exhibiting in its solid portion 
a history of itself in former states, and wnen inhabited oy different organic 
beings, thus affording memorials of events and changes that have occurred at 
and near its surface during the lapse of a vast period of time, if not from the 
very commencement of its existence as a planet. 

2 Divisums qf the Subject. — ^The fundamental knowledge required to 
comprehend the science of physical geography consists, then, of many and 
varied facts concerning — 1st, the planeta^ conditions of the globe ; 2nd, the 
nature, properties, and chemical and mechanical conditions of the portions of 
matter whidi make up the Earth's crust ; 3rd, the general form and manner 
of distribution of the solid, fluid, and aeriform parts which are presented for 
observation at and near the surface ; 4th, the nature and distribution of 
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existmg races of vegetables and animals ; and 5tJi, the former grouping of 
these organic bodies, as determined from their remains existing within the 
Ear1^*s crast, and dijacoverable by investigation and inference. 

3 JPlanetary Condition of the Earth, — The material tmiverse eomprises 
a vast but tmknown multitude of bodies, made evident to our senses by their 
power of emitting or reflecting light, but connected together also by the 
nniversal action of one great law — ^that of gravitation. All these bodies, 
although at immense distances apart, act upon each other in very important 
ways. They are collected into groups, of which the one to which our Earth 
belongs consists of a central body, the Sun, which is self-luminous, and a 
number of smaller bodies, the planets, revolving round it, and only reflectiu|^ 
light ; but themselves, in maznr cases, the centres of motion of others, stifl 
smaller, called moons or satellites. The group altogether is not remarkable 
amongst tiie heavenly bodies, and our Eiffth offers no peculiarities of unpor- 
tance either with regard to magnitude, position, or other essential qualities. 

The Sun, tiie central body of this system, is of great magnitude compared 
with any of the bodies revolving round it, and it seems to be the only one of 
the wh<He number which is capable of emitting any considerable amount of 
light and heat. Although many times larger than all the members of our 
system together, it is not so dense as most of them, and in consequence of the 
external surface bein^ luminous in a high de^ee, it has not been foimd possible 
hitherto to do more than measure its dmiensions, distance, and relative density. 
Of the other bodies, most of the planets revolving round the Sun in various 
periods appear to possess many analogies with each other and with our Earth; 
while the satellites or moons, of which the Earth has one, revolve round the 
planets, and appear to differ from them in some respects. Comets are 
wandering bodies, apparently self-luminous. They revolve in elliptic and 
irregular orbits round the Sun, and are so extremely anomalous, that little has 
hitherto been determined concerning them except that they are probably 
gaseous. The stars appear to be self-luminous, but their distances are far too 
great for us to be able to determine anything with regard to their mechanical 
and chemical condition, leaving us onfy to assume their vast magnitude and 
the extent of the systems to wnich they belong. 

Thus, then, the Earth, unimportant as it is as an individual member of the 
countless hosts of heaven, becomes to us, its inhabitants, not only important 
as our dwelling-place, but as the only object in space concerning which we 
have the means of minute investigation ; for however the distant views of other 
bodies may communicate true general notions of their real state, we can 
observe and investigate only those things presented to us here and capable of 
direct and experimental handling. Thus it is that our ideas of the conditions 
of matter are limited to those commonly presented to our senses, and our 
notions of forms of life are similarly conmied, nor does it seem altogether 
possible for us to imagine other conditions or other forms without running 
mto extravagant and even ridiculous exaggeration. It is not, however, 
really essential to the existence of a planet, and it may not be needful for 
organic existence, that matter should be invariably presented in the ways in 
which we are accustomed to see it. The conditions that obtain on our !l£arth 
may not be universally met with; the ultimate elements of which another 
planet is composed may be different from those here found ; the proportions 
m which those elements are combined in the most abundant and characteristio 
materials are still more likely to be different ; the proportion of light and 
heat, the extent and nature of chemical and electrical action, may be capable 
of inGnite variation ; and when the limits of one planet are passed, the lorms 
so familiar to us as to seem essential to matter may entirely alter, and new 
and unimagined contrivances appear, producing results not less perfectly and 
beautifully adapted to existing circumstances* 

4 Elemental Conditions qf Matter, — In order to understand how this 
may be, it is necessary to be familiar with the true actual conditions of matter 
and life on our globe ; and thus arise, at the outset, various considerations 
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concerning the materials of wMch the earth is built up, the ordinary and rare 
combinations of the material elements, their mutual action, the causes of 
internal change and modification that can be traced amongst them, and the 
mechanical condition of the various kinds of material, and their mechanical 
action on each other. 

So soon, then, as we commence inyestications of this kind, we find our- 
eelves, in fact, launched on an inquiry which includes within its wide d&ibrace 
two special sciences of immense extent and vast importance. Ghbhistbt, in 
its highest sense, and MiNEBALoeT are required at the starting point, and 
must form the basis of all accurate knowledge of the Earth. These teach us 
that the materials of the Eardi's crust are combinations of various substances, 
and that the cause, as far as we can discover, of their peculiar condition is 
connected with the presence of an imponderable agent, which, whether called 
by the name of light, or heat, or electricity, or chemical force, is not less con- 
nected with, and derived from, other bodies of the universe, than are the 
known effects of that great law of gravitation, which knits together into one 
groun all material bodies. 

Thus, the result of the very first inquiry is to complicate the problem, and 
refer us back to those very bodies concerning which we know so little. But 
it is altogether in harmony with everything yet discovered in nature that 
there should be these mutual relations, and no real isolation. The same kind 
of mutual influence is met with everywhere, and appears to form a chain of 
evidence evincing a marvellous unity of design in tine whole creation. 

5 Mechamcal Conditions of Matter, and Divisions of Scietice thence 
resuUin^.-^Whexi, however, by a reference to all that is known of the laws 
of diexnical force, and the nature of chemical combinations, and when, by 
careful examination of those substances which are most abundant and most im- 
portant in nature, we have obtained a knowledge of the materials which form 
the Earth's crust, we are next introduced to a ^enomenon of the mechanical 
condition of these substances, which is of the most singular interest, and is 
productive of the most essential characteristics of orgamc existence, and also 
of a constant modification of the Earth's crust. In consequence of the nature 
of the combinations, and the actual temperature of the Earth's surface, the 
three mechanical conditions of solid, fluid, and aeriform are assumed by difierent 
kinds of matter, the result being that we have a solid crust of irregular form, 
the irregularities being partly occupied with water, and the whole invested 
with a transparent veil of air. The mutual action of these is the source of a 

freat multitude of phenomena to be described under various distinct heads, 
he science of Meteobologt, or the phenomena of the atmosphere; Hydbo- 
iiOGY, or the phenomena of water, including not only the sea and rivers, but 
aU other portions of the aqueous covering of the globe ; together with a 
description of the modifications of the existing surnice by various causes, 
thus require minute attention amongst the facts of physical geography. The 
actual distribution of land and water on the globe, the conjuration of con- 
tinents, islands, &c., the description of the moimtain ranges, and the river 
systems, the great plains of the Earth, the valleys, and other striking pheno- 
mena of form and configuration, these complete another of the main branches 
of the subject. 

The internal structure of the Earth, and the reaction caused by the con- 
ditions of matter beneath the surface-r-involving much of the past history, as 
wen as the present state of oxa globe — ^is another department of the subject ; 
while the generalizations obtained by an accurate and detailed study of every 
organic body that comes under man's observation, whether actually now 
endowed with life, or having existed only in distant ages, and long since 
extinct — all these together make up the physical history of the earth, or, in 
ether words, the science of physical geography. 

6 Advantage arising from the Study of Jrhysical Geography.'^TUe study 
of such phenomena as those here alluded to may be regarded not merely as 
promoting the interests of man in reference to his material wants, but also 
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,88 greatlT affecting his general intellectaal advance. This haa been well re- 
marked Dj Alexander Von Humboldt, whose knowledge of external nature is, 
perhaps, greater than has been acquired by any man of our own or former 
ages, and who, in the introduction to his Cosmos, has admirably touched upon 
the advantage of such knowledge and the objections that have been raisea to 
it. I shall not hesitate to avau myself of the Repressions of so admirable a 
writer to illustrate Uiis part of my subject. He remarks that, 'it is the 
intuitive and intimate persuasion of the existence of these relations which at 
once enlarges and elevates our views and enhances our enjoyment. Such 
extended views are the growth of observation, of meditation, and of the spirit 
of tiie age, which is ever reflected in the operations of the hmuan mind» wnat- 
ever m^ be their direction. 

* Special accounts of districts, and minute statements concerning those 
portions of external nature presented for our investigation in a single country 
are, no doubt, the most available materials for a general physical geography; 
but the most careful successive accumulation of such descriptions woiud be as 
far £rom affording a true picture of the general conformation of the irregular 
surface of our planet and the general conditions of matter at, above, or beneath 
its surface, as a list and account of all the species of plants or animals found 
in different districts would be from commumcating knowledge concerning the 
general geography of plants or animals.'* GThis latter subject, the geography 
of plants and animals, involves the grouping of organic beings — ^the extracting 
from minute individual accounts tluit wnicn is common to them all in regara 
to their climatic distribution — the iuvestigating the numerical laws, or the 
proportion of certain forms, or particular famines, to the whole number of 
species — ^tiie assigning the geograxjhical position of the district, where in the 
plains each form reaches its maximum number of species and its highest 
organic development. So, also, the final aim of physical geography is to 
recognise unity in a vast variety of phenomena* and by the exercise of 
thought, and me combination of observations* to discern that which is con- 
stant through apparent change. 

If, however, we would comprehend existing nature, we must not separate 
the consideration of the present state of things from that of the successive 
phases through which they have previously passed, and thus we have the word 
nistory fltiy mtroduced with reference to nature, and the phrases ' natural 
history' or 'history of nature' strictiy adapted to descriptions such as we 
contemplate. The organic world — ^that portion of nature endowed with the 
mysterious principle of life — ^is, as every one is aware, constantiy exposed to 
change, so &r as the individual is concerned ; and a careful study of the rela- 
tions that exist amongst organized bodies shows that this principle of change 
extends also to those natuiral groups of similar individuals, which we deno- 
minate species. But it is not only in the organic world that matter is con- 
stantiy undergoing change, and becoming resolved into its elements, in order 
that these element may enter into new combinations-— such is the case, also, 
with the inorganic materials, which are never permanentiy in repose, and 
which have undergone many and important mooiflcations, evidenced by the 
condition of those strata of sedimentary rocks whidi compose a large part of 
its crust, and which also contain numerous early forms of organic life now 
totally lost, but originally associated in groups which have successively 
replaced each other. 

Vast, therefore, and complicated in a high degree are the phenomena, and 
grand are the generalizations with which we have to deal in considering fully 
me subject before us. It is founded on absolute facts, and on the observation 
of what actually takes place and exists, but it involves the expression of many 
phenomena co-existing in space, and an account of the simultaneous action of 
numerous and conflictmg natural forces. A view of the effects of time, and 
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the analogy of the effects of time and space with regard to the distribution of 
organic bemgs, together with a general history of all terrestrial phenomena 
in their mntnal relations, render it at once a nniform and comprehensive 
science. 

Little has hitherto been attempted on the plan proposed in the present 
work, to present in one view the principles of geographical science, ana afford 
means of studying this science on its trae basis. Many important facts of 
physical geography have, however, been accumulated by various authors, and 
We lately been arranged, both in Germany and England ; and while in the 
present outline the plan and method are altogether distinct, including also a 
wider range than has hitherto been thought necessanr, the author has been 
indebted to his predecessors, and to the works or n!uuiy naturalists and 
travellers, for the substance of what is given. The Contnos, and other works 
of Alexander Yon Humboldt, Johnston's Phyiical Atlas, Hoffinan's PAy- 
tihalische Geoaraphie, and in some cases Mrs. Somerville's Phynoal Gho' 

aohy, as well as several admirable articles in the Penny Oyclopadia, will 
bund freely quoted, though generally not without acknowledgment. 



CHAPTEB II. 
FORMS AND MODIFICATIONS OF INORGANIC MATTER. 

{ 7. Limits of our knowledge with regard to the earth's stmcture, and importance of heat as an 
agent of change. — 8. Forms of matter. — 9. Forces affecting matter, and effect of change of 
temperatore. — 10. Sources and causes of heat. — 11. Chemical action. — 13. Polarity.—^ 
13. Material substances usually in combination at the earth's surface. — 14. Elementary 
substances. — 16. Oxygen gas, and its important combinations. — 16. Combustion. — 
17. Nitrogen, hydrogen, and chlorine, with their combinations. — 18. Kon-metallio solid 
dements. — 19. Metallic elements the bases of earths. — 20. Metals. — 31. Mutual action of 
TsrioDS forms of matter. — 22. Terrestrial magn^ism. 

ZIMIT8 qf ov/r knowledge with regard to the JEarth's Structure, and 
importance of Seat as an Agent qf Change, — ^The knowledge that has been 
acquired with, regard to the Earth is very limited in some important respects, 
bntinyolves much interesting detail in others : it teaches much, but leaves also 
teiT much nntaught ; part of which is at present beyond our comprehension, 
and part we can never nope to learn. 

We know, for exanmle, the form of our Earth and the density of the 
mass, we can compare this densit^r with that of matter at the surface, and we 
can also determine the absolute weight of the whole globe. All these conditions 
exhibit direct reference to temperature ; and we learn hy observation, that 
while the temperature at the Earth's surface varies at different parts, having 
relation to the solar rays, the temperature at a certain depth below the 
surface is in all parts of the Earth uniform ; while below this stratum of uniform 
temperature, there is an increase of heat with increasing depth, not altogether 
regular and uniform, but sufficiently so as to render it highly probable, that 
at a considerable distance down the heat is sufficiently mtense to produce 
fiiflion of even the most refractory substances met with at the surface. The 
increase bein^ about one degree of Fahrenheit's thermometer for every 
fi%-five English feet of depth at all known de])th8, this, if continued in the 
same arithmetic ratio, would produce the melting point of granite at a depth 
of about twenty miles below the surface. 

When, too, we remember that the temperature of the surface is so greatly 
affected by the position of the Earth with regard to the Sun, as to admit of 
ixmumerable climatal peculiarities, especially of those periodical changes we 
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call Secuons ; when we further consider the effect of light, and the important 
relations of light and heat with electriciiy, galvanism, and magnetism, the 
yast importance of the subject of heat will be understood, and the reason for 
devoting some space to a consideration of the forms of matter, and thieir 
relation with this and other imponderable agents, will be fully recognised. 

8 Forms of Matter, — ^In tne general views liiat may be taken of natural 
substances, certain relations appear which afford the means of arraii^^ 
them in distinct classes, each custinguished by certain sensible and obviouB 
qualities. 

The first class consists of Solids, under which form most of the known 
part of the globe is presented. When in small masses, solid bodies retain 
whatever mechanical form may be given them :— their parU are separated 
with difficnlty, and cannot be made to unite readily after separation. Some 
(called non-elastic) yield to pressure, and do not recover their former figjpe; 
others (called elastic) regain their form, after losing it by pressure. They 
differ from each other in degrees of hardness, m colour, transparency, 
and weight, and when having definite crystalline forms, in the nature of 
these forms. 

The second class consists of Fluids, of which there are fewer varieties. 
These, in small masses, assume the spherical form: their parts possess freedom 
of motion; they differ in degrees of density and tenacity, in colour and 
degrees of transparency. They are usually regarded as incompressible. They 
are contained in or repose on solids, and assume the form of the vessel in 
which thejr are placed. 

The third class includes Flastie Fluids or Gases, which may either exist 
free in the atmosphere, or be confined by solids and fluids. Their parts 
are highly moveable, they are compressible and expansible. They are all 
transparent, and very rarely present colour. They differ materially in density. 

It has been supposed bv some natural philosophers that there exists also 
a fourth kind of matter, wnich has been called Fther, occupying the spaces 
between those aggregations of matter which form suns, planets, comets, and 
satellites. The ^enomena of light, heat, and electricitv, and their relation 
to the Sun in our system, have been thought to require the existence of some 
intervening material substance in order to admit of the action of forces or 
powerslreaognised under those names. 

9 Forces effecting Matter, and effect of Chanae of Temperature,'^^M!L matter 
is subject to the law of gravitation, by whicn one portion is attracted to 
another in proportion to its mass, and inversely as the square of the chstanoe 
intervening. Matter existing at the Earth's surface exhibits also the action of a 
force caUea cohesion, which preserves the form of solids, and gives globularity 
to fluids. This force is, therefore, a prime cause of the permanency of the 
arrangements to which we owe the surface of the globe. 

When any substance in a state which occasions the sensation of heat to 
our organs, is brought into contact with another body which has no sndi 
effect, the result of their mutual action from the difference of these conditions, 
is that the hot body contracts and becomes cooler, while the cold body 
expands and becomes warmer. 

The effect of heat is, therefore, generally to cause the particles of bodies 
to separate from one another, and heat is communicated either by actual 
contact, or by means of rays transmitted from the one body to the other. 

As, however, there is nothing to affect the weight of oodies in the com- 
munication of heat to them, and they occupy larger space, after being heated, 
than they did before, they must then become less dense. 

In the case of matter in the liquid or aerial form, the communication of 
heat is found by experiment to take place by currents, or particles actually 
moving amongst each other. How far currents may be induced in bodies in 
a solid state is not easy to decide. The effect of circulation thus produced 
is easily recognised in the atmosphere, since the unequal heating of the 
Earth oy the Sun produces wind ; and it is seen also in currents produced in 
the ocean. 
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When a flubstance in a fluid or solid state is exposed to the action of heat, 
a change of condition takes place, the solid becoming at first fltiid, and then 
assmning the aerial or gaseous state. When, on the other hand, fluid or aerial 
bodies are made to part with their heat, they assume in most cases a solid 
fonn. Thus most of the gases become fluid, water becomes ice, &c. 

Generally, when a chimge of condition takes place in consequence of the 
addition or abstraction of heat from various bodies, the addition of heat pro- 
daces expansion, and the subtraction of it contraction ; but the amount of 
change of volume is diflerent for diflerent substances, and material bodies 
ehange their states at very diflerent temperatures. Owinff to this it is that 
the matter at the earth*s surface assumes the form of solid land, with a watery 
ocean floating on the surface and filling up inequalities, while the atmosphere 
floats evenly over the whole. We have here exemplified the three conditions 
of solid, flmd, and aerial. 

Although, however, generally the alteration of volume in diflerent bodies 
u muform during similar changes of temperature — ^that is, although bodies 
generally contract regularly while heat is being regularly taken from them, 
and expand regularly during similar increase of temperature, this is by no 
means mvarial^y the case. There are many exceptions, but one is of vital 
importance to every organized being on the Earth, and has had much to do 
with the general constitution of the Earth's crust. Water contracts regu- 
hirly as it cools down to a certain point ; it afterwards expands slowly as me 
heat is farther reduced, and as it congeals or assumes the solid form, it ex- 
pands considerably, so that ice, instead of being heavier, is lighter than 
water, and floats on its surface. Were it not so, the sea in cold latitudes 
would become gradually firozen into a mass of ice, which the bright and warm 
nm of summer would have little eflect upon. In point of fact, however, water 
congeals only at the surface, where it is liable to be acted on by the sun and 
by warm currents of air, which tend to restore it to the fluid state. When 
the water in a lake, or in the sea, approaches near the freezing point, it 
begins at once to descend, diminishmg m volume and becoming, therefore, 
heavier, so that no ice can be formed tiU the whole of the water has been 
cooled to the point where it possesses greatest density. When the ice is once 
formed, it increases in thickness very slowly, the solid form of water being a 
Teiy bad conductor of heat. 

10 Sources and Causes of SecU.-^Tke cause of heat is by no means clear, 
and there are many modes of producing it besides exposure to the sun's rays. 
A piece of Indian rubber extended and suflered to contract rapidly several 
times, becomes hot ; a nail is made red hot by hammering ; the axle of 
a carriage takes Are by rapid motion, when the friction is not diminished by 
grease ; the sudden compression of fluids and gases also produces heat ; ana, 
on the other hand, when by the air-pump a receiver is rapidly exhausted of 
part of its air, the sudden expansion of the remainder produces a considerable 
diminution of temperature. All these facts prove that one immediate cause 
of the phenomena of heat is motion. 

Since matter may be made to fill a smaller space by cooling, it is evident 
that the particles of matter must have space between them It is also pos- 
sible that the particles themselves may be actually smaller than the inter- 
Tening space in the ordinary condition even of solids, and thus in all cases 
currents of these particles may be produced during the transmission of heat 
and the action of other imponderable agents. 

1 1 Chemical Action, — The various material substances met with in nature 
are not only in diflerent mechanical conditions, but are also variously acted 
upon by each otherr If, for example, we take the three substances, oil, water, 
and soap-lees, it is eas^r to show tnat the oil and water will not mix or act 
upon each other ; the oil will separate itself from the water and arrange itself 
according to its weight, the two fluids not in the least combining. On the 
other hand, the soap-lees will mix intimately with the water, having none of 
its properties altered. But if tlie oil and soap-lees are mingled, they will 
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unite, forming a soft solid substance, wluch is, in fact, a species of soap, and 
differs materially from either of its constituent parts. Many substances in 
nature have thus what is called affinity for each other, combining intimately, 
and the kind of attraction exhibited when two bodies have this af&nity is 
called chemical action. 

Different bodies, however, unite with different degrees of force, and 
one body is capable of separating others fr^m certain combinations, so that 
mutual decompositions or different compounds take place under favour- 
able circumstances, and new combinations and new compoimds are formed 
This has been called double affinity, and it involves a kmd of preference of 
one body, or set of bodies, over another. It is thus often described as 
elective affinity. 

Now, it is very important to understand the difference in kind, of those 
two forces which nave oeen called respectively attraction and chemical affinity. 
Attraction, whether that of gravitation, cohesion, or what has been called ad- 
hesion (illustrated by the holding power of glue, mortar, &c.)» never in any 
ease effects a change in the properties of b(^es. On the other hand, when 
two substances that have aflSnity are broue^ht into close approximation, and 
the affinities come into play, great and aecisive changes take place in the 
two bodies, and a new substance is formed, which may be altogether dif- 
ferent in all its essential characteristics from either. This action is best effected 
when the particles are most free to act on each other, and thus the addition 
of heat or fluid often facilitates considerably changes of this kind. The order 
of affinity is a matter also of great importance and interest. 

12 "Polarity, — ^There is yet another force exerted on bodies, and tending 
to produce the condition of things observable at the surface of the earth. E 
is best described by the word polarity ^ and is exemplified by that form of 
polarity exhibited m a bar magnet, which tends to place itself (when sns- 
pendea freely) in a certain position with reference to ^o opposite ideal points 
in space — ^the north and south pole — ^near the extr^nities of the ideal axis 
round which the earth revolves. The ma^et also attracts to itself at one 
end, and repels frx>m the other, the extremity of a similar piece of iron also 
magnetized. Chemical polarity, however, involves much more than ordinary 
magnetic action, and must in tne present state of science be understood to 
incmde electricity and galvanism, as well as magnetism, if not light, heat, and 
chemical affinity. The form known as galvanism is that which exhibits most 
of the peculiar results of this force, white that called magnetism is not less 
interesting, as showing in some respects the most fammar, as well as dis- 
tinctly marked phenomena of polarity, presented in a moderately simple 
form. Electrical attraction and repulsion are equally striking, and not less 
simple in illustration. 

Electric or galvanic action is generally connected either with the evolu- 
tion of heat or chemical decomposition, and is excited by heating or rubbing 
certain solid substances, and by the contact of others or different kind when 
immersed in certain fluids. Changes of temperature at the Earth's surface, 
however, elicit magnetic and electric currents, and these again produce results 
which are among we most interesting that are met with on the globe. The 
Earth itself may be regarded as a magnet, and terrestrial magnetism may thns 
be ascribed either to inequalities in the temperature of the globe, or to those 
galvanic currents which we regard as electricity moving in a circuit. Scarcely 
any important change can ta£:e place in the atmospnere without the dis- 
turbance of electric equilibrium. 

13 Material Substances usually in combination at the JEarth*8 Surface, 
-«The intimate action of these forces, if they are distinct, or the various modes 
of action of this one most varied force, if indeed there is but one, have pro- 
duced those combinations which are presented at the Earth's surface, and 
have formed this variety of condition which is there recognised. Thus it is 
that some solids are constantly on the verge of change, under ordinary con- 
ditions, while others are so permanent as to yield scarcely, if at all, to the 
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most extreme action of this force that we can bring to bear upon them. 
WaJle, also, some bodies are occasionally permanent in the fluid form, others 
can hardly be preserved in that form when yery slight changes of temperature 
occur, and some of the aerial or elastic fluids are so little aSected by the ab- 
straction of heat or increase of pressure, as not yet to have yielded to the 
greatest eflbrts that haye been made, although others are readily altered and 
made to assume the liquid form. Some decompositions also are easily 
effected, while others are so only with extreme difficulty ; so that the chemist, 
whose object it is to determine the ultimate constituents of matter, is often at 
a loss to know whether, after all his labours, he really obtains an elementary 
body, or has to account for effects produced by assuming the admixture of 
portions of a body whose properties are not yet eyen imagined. 

Notwithstandmg this doubt of the ultimate elements, since it is necessary 
for the purposes of science to haye certain principles and generally acknow- 
ledged tacts from, which to proceed, it has been found conyenient to regard all 
tiiose bodies which no art nas yet been able to decompose as elementary. 
Thus it is usual to speak of a considerable number of elementary substances, 
many of which, howeyer, maj be reaUy compoimds, and many are so extremely 
rare in nature, or present in such small quantities, that in general descrip- 
tions they may almost be neglected. 

14 JbHementary 8td>8tance8. — Of the so called elementary substances, 
seyeral are abunc^t and well known, and others are highly important in 
combination, though of themselyes rarely or neyer seen. They are of two 
Tery distinct kinds — ^those which are metallic, and those non-metallic. The 
whole number certainly known at present is fifty-nine, of which forty-three 
are metals, and fiye gases ; but of this number only about thirteen are abun- 
dantly present in the rocks that make up the mass of the Earth's crust. The 
rest are chemical or mineralogical curiosities, or else occur in quantities so 
small as not greatly to aflect the whole mass, howeyer useful and important 
toman. 

The thirteen elementary (P) substances most abundantly distributed are 
ihe following :— 

Four gases — oxvaen, hydrogen, nitrogen, and chlorine; 

Three non-metamc solid elements — silieon, carbon, and sulphv/r; 

Fiye metals, important as alkaline bases — calcium (basis of lime), 
todium (basis of soda), potassium (basis of potash), magnesium 
(basis of magnesia), aluminum (basis of alumina, the ingredient 
of clay) ; 

One true metal — iroti. 

15 Oaygen Gas wndits important Comhinatums,*^Oaygen gas is beyond 
all comparison the most abundimt material present at the £)arth*s surface, for 
althougn not met with in a free state, it is K>und mixed with nitrogen forming 
the atmosphere, with hydrogen forming water, and with silicon, calcium, 
9odium, potassium, magnesium, aluminum, constituting yarious substances 
known as silica or flint, lime, soda, potash, magnesia, and alumina. It also forms, 
with iron and other metals, a yast number of the most abundant of the ores 
and minerals. On the whole, as much as one-half by weight of the materials 
of the Earth's crust consists of this gas. Oxygen gas is colourless, and a little 
heayier than atmospheric air. It may be made to unite with all the othef 
elements except one (fluorine), and m many cases its combination, atom for 
atom, with another element, forms what is called an alkaline base, while a 
larger proportion of oxygen produces the substances called acids. Other 
proportions of this gas with other elements produce neutral bodies (those 
which are neither add nor alkaline), of which the most remarkable instance 
in nature is water, a mixture of oxygen and hydrogen. A number of other 
combinations, under the name of salts, also deriye their important properties, 
and many of their most interesting peculiarities, f^om the presence of oxygon. 

16 Combustion, — The phenomenon of combustion is one which it is 

O 
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chiefly the proYince of the chemist to oonBider in reference to the variom 
elemental^' bodies, but it is also very essential that we should have a general 
idea of its nature, in order to comprehend the mutual relations of Hght, heat, 
and chemical action. The combinations of oxygen with other substonces are 
attended with an alteration of volume and the evolution of heat, and oflten, 
but not always, by a considerable amount of light; and in common language, 
when a body combines with oxygen, it is said to be burned, and instead of 
undergoing oxidation, is said tcNeuffer burning, while a body which can com- 
bine with o]n^gen and emit heat is called a combustible, ]!t is important to 
remember, that no loss whatever of ponderable matter occurs in combnBtion, 
and that the matter formed may always be collected and thuis proved to haye 
the weight of the oxygen gas added to that of the combustible, which has 
either been reduced to an ash, or has entered into new combinations daring 
the process. There is no such thine^ as annihilation discoverable in nature. 

17 Nitrogen, Syd/rogen, and Chlorine, with their Combinations, — Nitrogen 
gas is a singularly inert substance. It is tasteless and inodorous, and is lighter 
than atmospheric air, of which it forms four-fifths, and in which it seems cniefly 
to act as a diluting medium. Forming so large a part of our atmosphere, it is 
necessarily a very important and abundant material, but it mixes with few 
elements, and its properties are chiefly negative. In many respects, it is 
remarkably contrasted with the third mghly important gas, hyd/rogen, which, 
indeed, has been compared to metals, in its relation to other elements, 
although it is the lightest substance known in nature, and is highly 
inflammable. 

Water — ^a substance universally distributed at the Earth's surface, and 
present there in large quantities — is the result of the combustion of hydrogen 
and oxygen gases. It is eminently a neutral body, and is to a remarkable 
extent capable of dissolving various proportions of otner substances — a quailil^ 
which is well illustrated m the composition of sea water, whose density is 
greater than that of pure water, by the addition of 3^ per cent, of saline 
matter. It is probable that, at high temperatures, water is capable of holding 
in solution a portion of almost every substance in nature. It is chiefly 
the remaining gas, chlorine, combined with soda, which makes up the saline 
matter present m sea- water. 

18 Non-metallic Solid Elements, — Amongst the substances presented m 
a solid fonn under ordinary atmospheric conditions at the Earth's surface, 
carbon, silicon, and suhphv/r are hignly important, extremely abundant, and 
widely distributed. They are all of them also without those pecuiimties 
which characterize metals, in the ordinary acceptation of the term. It will 
be as well to describe the more usual forms of these elements. 

Carbon occurs in three very different forms in nature, being crystallized 
in the diamond ; existing in a state of partial crystallization, but of a very 
different fundamental form, in graphite or plumbago (the common black lead); 
and in a very different state again in the varieties of mineral coal. It appears 
to be quite infusible at any temperature, or under any circumstances to 
which it has yet been exposed by tne chemist, and seems to offer itself under 
this variety of aspects, according to the structure of the substance from which 
it is derived, and the mode of its preparation, when obtained artificially. 

Carbon is abundantly present in all organic substances, and is a principal 
ingredient in the carbonates, of which limestone (carbonate of lime) is the 
most widely distributed, and the largest in quantity. 

Sulphur is likewise an elementary substance, occasionally found native and 
pure, but more commonly combined with other elements. This is especially 
the case with regard to the most important metals, which are, with few 
exceptions, found associated with this substance. The metal arsenic, uid 
another rare metal called selenium, exhibit very remarkable analogies with 
sulphur in their mixtures with metals. 

Silicon is the name given to an elementary substance diarived by removing 
its oxygen from pure silica, which in the state of flint or siliceous earth is one of 
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the most abundant of all the matters that compose the Earth's eniBt. This 
mineral constitutes sand, all the different varieties of sand-stone and quartz 
rock, and, combined chemically with alumina, it forms a very large propor- 
tion of all clays. In its pure and elementary state it is oi Httie interest, 
bat in consequence of the number and importance of its combinations, it is 
beyond all comparison the most remarkable of the non-metallic elements. 
Combined with lirie, potash or soda, magnesia, or alumina, and often witib. 
iron, it forms nearly all the other mineral ingredients of granite, mica-slate, 
volcanic rockst shales, sandstones, and various soils — in other words, of all 
rocks, with the exception of pure limestones. 

19 Metallic Elements the Bases of Earths, — The metal calcium mixed with 
oxygen (with which it combines so readily as not to be preservable, if exposed 
in contact with any known substance containing that gas) forms the substance 
called lime, and tins again combined with carbon and an additional supply of 
oxygen (carbonic acid), is the ing^redient of all marbles and limestones, in- 
dumng under that name chalk ana other calcareous bodies of whatever kind. 
Combinations of other elements with lime are also abundant in nature, and of 
these sulphate of lime (gypsum or alabaster) is one of the most interesting. 

Alumina, derived from an obscure metal, just as lime is derived from 
calcium, is rarely met with in nature, except as a very hard and precious 
mineral, called the oriental sapphire, which exhibits its true crystalline form. 
It is as silicate of alumina or clay that this material is most interesting in 
reference to the Earth's crust. In that form, however, it is universally and 
abundantly distributed. 

Soda and Potash are two other substances which are very widely dis- 
tributed; the former in sea water with chlorine, the latter in ni^e (sal^etre). 
Magnesia, in like manner, is very plentifrd, although the quantity is not so 
great as in the case of some other substances which may be regarded as 
proximate elements. 

20 Metals. — Iron is the only metal which is at once so universal and so 
abundant as to be worthy of a rank among the principal ingredients of the 
globe. It is not found native in the Earth, though fragments are met with 
on the surface, containing this metal in association with other metals, but its 
ores are numerous, and its presence is everywhere recognised. It is quite 
mmecessary to define and describe a substance so universsdly known. 

These various substances, the remaining elements, and numerous combina- 
tions of these and other elements, amounting, however, in all to a comparatively 
small number, are mixed together in certain definite proportions, and thus 
form what are called minerals, groups of which in mass are designated rocks. 
Minerals, in most cases, are capable of assuming definite forms, and become 
crystallized into certain recognisable shapes, the study of which, and of their 
relations with each other, forms the basis of the science of mineralogy. The 
eonsideration of those masses of minerals which we have described as rocks, 
the earths, clays, limestones, sandstones, <&c., the various kinds of granite and 
slate, and all other great and widely-spread collections of like minerals, forms 
one dej>artment of geology, and is more immediately interesting in the study 
of physical geograpny. 

21 MutucU Action of various Forms of Matter, — ^R/Cverting to the obser- 
F&tions made in the beginning of the present chapter, it 'mH be omder- 
stood that the division ot all matter present at the Earth's surface into three 
parts — ^namely, solid, fluid, and aerial — ^has its origin in certain conditions of 
temperature and certain chemical combinations. It is not, as we have now 
Been, an essential condition of matter that there are these various states, it is 
lather what may be called an accidental condition, but at the same time one 
particular state seems much more consistent than any other with the known 
properties of some of the elements, and also of some of their combinations. 
These various conditions, however, involve many modifications, chiefly 
mechanical, and the fact that air and water are capable of retaining small 
quantities of each other, and of various elements in solution and suspension, 

o 2 
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withont chemical change, causes some yery important and highly interesting 
results. The crust of the Earth is greatly affected by the passage over it of 
air and water ; these latter substances also greatly anect each other, and the 
whole mechanical structure of the crust is, in fact, due to the action of air and 
water, and air mingled with water, as modified by the changes of temperature 
resulting from the partial incidence of the sun*s rays on the surface, and the 
more or less favourable condition of the atmosphere for transmitting light and 
heat, as well as of the Earth's surface for receiving them. Thus, it is that 
Meteorology and Htdbolooy become part of Physical Geography, and that 
the sciences relating directly to air and water require to be considered as 
portions of a more general science, whose object it is to describe general 
terrestrial phenomena. Thus also it is that Chemistby is to a certain extent 
required for the same end, and that the laws affecting those forces which 
modify the material elements, must be in some measure explained and under- 
stood, before we can proceed to consider either the surface or structural 
phenomena of our globe. 

22 Terrestrial Magnetigm, — There is yet one more subject to be con- 
sidered before passing on to the material phenomena of the globe. The 
researches of natural philosophers, chiefly of our own day^, have brought to 
light a vast group of facts concerning the magnetic condition of the Earth, 
and have shown that which is now designated ' terrestrial magnetism,' must 
be regarded as one of the most important, if not absolutely the most important^ 
of ail the imponderable agents. We have already alluded to the phenomena 
of magnetism, commonly so called, and have said that the tendency of a 
magnetic needle to arrange itself in a certain direction, is connected with a 
subject of great extent and high interest. The Earth, in fact, exhibits a 
certain amount of magnetic force, and this is manifested at the surface by 
three classes of phenomena : varying intensity of the attraction ; yarying 
declination, the needle not always pomting to the same spot or pole on the 
Earth's surface ; and varying inclination, or amount of departure of the needle 
from the horizontal plane. This latter variation is called the dip of the mag- 
netic needle, and the declination is commonly spoken of as the variation of 
the compass. In other words, when a compass is referred to, in different 
parts of the Earth, or at distant periods, the needle will not be found always 
to arrange itself so quickly in its position of rest ; it will not always point to 
the same point, ana it will not, if suspended, freely repose in a horizontal 
plane, or at the same an^le to the horizon. In illustration of this, it may be 
mentioned, that while m the year 1657, the needle pointed due north in 
London, this was not the case in Paris till twelve years afterwards, notwith- 
standing the small difference in longitude between the two cities. At the 
S resent time, the whole of Europe, except a small part of Itussia, has west 
eclination, while in Asia the declination is east. 
But the most remarkable fact with regard to this constant shifting of the 
direction of the needle, is that there is an hourly change of position dependent 
on the apparent course of the sun and the lapse of time between the observa- 
tions. The hour of the day may in this, way be known between the tropics, 
and the movements of two small bars of magnetized steel suspended from a 
thread, even if they are suspended at depths beneath the Earth's surface, will 
measure accurately the distance which separates them. There are also parts 
of the Earth where the mariner, who has been enveloped many days in fog, 
seeing neither sun nor stars, and having no means of determining time, may 
know with certainty, by an observation of the magnetic inclination, whether 
he is to north or south of the port which he desires to enter. 

The hourly changes of declination of the needle seem to be governed 
by the sun, while that luminary is above the horizon of any spot, out they 
also have reference to the actual position of the spot on the globe, and its 
distance from the ma^etic poles. Throughout the northern hemisphere the 
mean movement of me north end of the needle from 8^ a.m. to 1^ p.m. ia 
from east to west, and in the southern hemisphere, at the same time, from 
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vest to east. Thus, along a line near the eqnator there is no horary variation 
in declination. 

The name of magnetic poles has been applied to those points on the Earth's 
surface where the horizontal force disappears. Of these there are two in each 
hemisphere, not far removed from eacn other, or from the true poles of the 
Earth, but nnequal in the amount of their attractive force. The focus of 
greatest intensi^ in the northern hemisphere is in North America, near the 
' south-west shores of Hudson Bay, in 52° N. latitude. The corresponding 
weaiker focus is in Siberia, about 1^0° E. longitude from Greenwich. 

It is known that the forces which attract the north end of a magnet and 
repel the south end, preponderate in the northern hemisphere, while in high 
latitudes, in the south hemisphere, the converse is the case. There is, there- 
fore, in addition to the line of no declination, near the equator, another line 
<k no preponderance of the northern or southern force, and it is found that 
bo^ Imes are extremely irregular. 

The intensity of the magnetic force is measured by examining the oscil- 
lation of a suspended neeme, and is determined with very great accuracy. 
Tbe intensity increases towards each pole, and thus we have a line of least 
magnetic intensity near the Earth's equator, in addition to those lines already 
mentioned, and qidte distinct from them. 

Litiniate relations have been discovered between the state of electricity 
of our atmosphere and the magnetic condition of the Earth, and it is known 
that while a conductor of electricity is rendered ma^etio by the passage of 
an electric current through it, so also ma^etism gives rise by induction to 
electric currents. The iaenti^ of electricity and magnetism is thus fully 
VUideout. 

The important discoveries of Faraday on the condition of matter with 
regard to magnetic influences — ^magnetic force affecting all bodies as necessa- 
rilv and direcSy as the force of gravitation, — ^haa given new interest to this 
subject. According to the result of his experiments, all substances arrange 
themselves into two great divisions — the magnetic, in which the substances 
tend to place themselves parallel to the direction of the magnetic needle, at 
the spot where the experiment is performed ; and the diamagnetic, where 
the t^dency is to assume a direction at right angles to that of the needle. 

By far uie greater portion of the materials which compose the Earth's 
crustDelong to uie latter, or diamagnetic class ; for even as respects the rocks 
and mounteins, the quantity of magnetic matter needed to counteract the 
diamagnetic tendenev is very large, and the ocean, lakes, rivers, and atmo- 
sphere exert their effect as diamagnetics, almost uninfluenced by any magnetic 
matter. Mr. Faraday has suggested the possibility of magnetism being, in 
fact, generated in the atmosphere by light proceeding from the sim, and 
passing rapidly through the air, but ne wisely suspends any theoretical con- 
siderations untQ experiment has given a sumcient grounawork for them. 
However this may be, there can be little doubt that for all practical purposes 
we must regard me magnetic force as resident only on the surface, or rather 
just within the oxidised crust, which is all that we actually know of our 
globe. The Earth is not, as was once imagined, an inert mass, having, by 
some unimagined means, a peculiar power to attract iron towards its two 
poles of rotc^on. It is a mass of matter, every part of which is afiected by 
magnetic f<»ce, and which is, throughout its external crust, hard and immove- 
able 88 that may seem, exposed to changes and modifications of the most 
extraordinary kind> and of great extent. 
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CHAPTER III 
METEOEOLOGY. 

sa. Constitatioii of the atmosphere. — 24. Its chemical condition.— 85. Its chief importaiiee in 
Physical Geography. -- 26. Its relation to light generally. — 27. Twilight. — 28. Mirage. — 
29. Colonr. — 30. Atmospheric meteors exhibiting colour. — 81. The phenomena of somid. — 
82. Motion of the air — Winds. — 83. Land and sea breezes. — 84. Trade winds. — 85. Mon- 
soons. — 86. Hurricanes. — 87. Relations of the atmosphere to water. — 86. Dew. — 89. Mists 
and fogs. —40. Glonds.— 41. Bain. — 42. Distribation of rain.— 43. Snow.— 44. Glaoien.— 
45. Hail. — 46. Climate, and distribution of heat. — 47. Conclusions. 

CONSTITUTION of the Atmospkere.^We proceed now to consider that 
portion of the material nniverse present in an aerial form at the Earth's 
surface, and which has long been Imown nnder the name of atmosphere. 
The atmosphere is highly elastic, and therefore more dense near the Earth's 
surface thim in its upper portions, where there is less pressure ; but notwith- 
standing its great elasticity, there can be no doubt of its terminating abso- 
lutely at a small elevation compared with the magnitude of the Earth. The 
real extent of this gaseous veil nas not indeed been very satisfactorily deter- 
mined, and has been yariously estimated at from forty to a himdred miles ; 
but as the diameter of the Eajrth is eight thousand miles, the largest estimate 
does not assume it to be more than one-fortieth part of the radius, and there 
is no reason to suppose that it is nearly so much. 

The^weight of the whole atmosphere can be accurately determined, and 
the degree of pressure at any point is also a fact which offers little difficulty 
in determining. By depriving of air the closed upper extremity of a tube 
filled with mercury, which opens below into a cistern also full of mercury, 
the pressure of the whole column of the atmosphere may be measured against 
that of a column of mercury, and thus the pressure is lound to be equivalent 
to about fifteen pounds on every square inch of surface. 

The constituents of the atmosphere are as follow. Of every 10,000 parts 
of air in the ordinary state with regard to moisture, there are — 

Oxygen 2,100 

Nitrogen 7,750 

Aqueous vapour 142 

Carbonic acid gas 4 

Carburetted hydrogen 4 

10,000 
There is also a trace of ammoniacal vapour. 

It was formerly supposed, that in whatever part of the Earth it is taken, 
at whatever depth or height above the mean level of the surface, or under 
other peculiar circumstances, the constitution of the atmospheric air was 
exactly the same. Although this is not quite true, it is very nearly so, the 
quantity of oxygen varying slightly, but perceptibly, in different seasons of 
tne year, and over the sea, or in the interior of contments. So much change 
by oxidation is constantly going on at the Earth's surface, that it would be 
strange if this were not tne case ; but the absolute quantity of this gas com- 
pared with the surface and the materials exposed to its action, is far too great 
for the change to be readily perceived.* 



* It may be interesting to repeat here the different localities from which the atmospheric 
air has been chemically examined, to show how little the proportion changes. The air flrom 
the Alps was analysed by the younger Sanssure ; from Spain, by De Marti ; from France and 
Egypt, by BerthoUet ; from England and the coast of Guinea, by Davy ; from the Peak of 
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In addition to the materials already mentioned, there are also traces of 
ammoDiacal yapour and even of some other gases in the atmosphere ; but 
these, although important in their influence on organization, are not to be 
considered as aflectmg the general physical condition of the air. It has also 
been supposed that the atmosphere contains, di£^ed through it, mmute por- 
tions of tne vapours of all those substances with which it is in contact, eyen 
inclading earths and metals. Although, however, unknown ingredients may 
be occasionally mingled with the ateosphere and impart to it deleterious 
properties, such ingredients being of too subtle a nature, and present in too 
small proportion, to be discovered by our imperfect instruments, it yet ap- 
pears that a limit exists to the production of vauour of any tension by bodies 
placed in such a medium as the atmosphere, ana that beneath such limit they 
are perfectly fixed. 

24 Its Chemical Condition. — Two views have been entertained of the 
nrtare of the union that exists among the elastic bodies forming onr atmo- 
sphere. It has been generally supposed to be a chemical compound, because 
ttie proportions are very nearly flxed, and the ingredients do not tend to arrange 
themselves according to their difTerent specific gravities. It is, however, 
more probable that the mixture is, after ail, mechanical, the various elastic 
fluids not having any attraction or repulsion towards each other beyond that 
of the simple action of the law of gravitation, and each of the ingredients 
exerting its own separate pressure, and behaving as if it were itself firee, and 
formed a distinct atmosphere. 

The most important and valuable investigations in the science of meteor- 
ology, have been founded on the assuniption that there are two distinct 
atmospheres, one of dry air, and the other of aqueous vapour, and that 
these are mixed mechanically together; and also on the conclusion that 
the relations of these to heat are dijSerent, and their states of equilibrium 
incompatible with each o^er. Thus are produced those changes of condition 
consequent, as we laiow, upon changes of temperature, and also those other 
changes resulting in what is called climate, 

25 Its chief Importance in Physical Geography. — ^The atmosphere may- 
be chiefly regarded as important in Physical G-eography in its relations with 
light and sound ; with heat, as the means of distributing temperature ; with 
water, as the means of distributing moisture over the Earth; and with 
electricity, as connected with the moSe of action of this force in all its various 
forms. The motion that takes place in the atmosphere, and which we deno- 
minate wimd, is thus a matter of vital interest, since it aids in these distribu- 
tions, and affects also very directly many operations of man. The optical 
and acoustical phenomena of the air being, to a certain extent, independent of 
its motion, though not uninfluenced by it, may first be considered. We may 
then study the phenomena of the winds, and afterwards proceed to consider 
some points connected with the distribution of heat and water. 

20 Its JRelation to Light. — In. its relations to light, our atmosphere pl&78 
a very important part, and greatly afiects the action of several forms of tne 
imponderable force; and whatever its origin or true nature may be, it is 
capable of transmission through certain bodies, thence said to be transparent^ 
of which the atmosphere is one. 

It is found that in being transmitted or passed through a transparent 
body, a change of direction ^the ray of hght takes place whenever the sub- 
stance throu^ which light passes becomes of diflerent density, or when li^ht 
passes from one medium to another of diflerent density. Thus, when a stick 
18 placed in water, and is not vertical, it will appear to an eye looking down 



Teneriffe, and near the sammit of the Andes, by Humboldt ; and fh>m the still loftier elevation 
of 22»000 feet, (attained in a ballooo,} by Gay Lussac and Thenard ; and all these gave results 
approaching as nearly as possible to each other. The observations of Lewy are those referred 
to as showing a slight difference in different parts of the Earth. 
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upon it as if it were bent, for the water is more dense than the air, and the 
body is seen only by means of the ra^s of light which proceed from it ; and 
thus, also, if light pass through air oi different density, the rays are bent at 
an angle or curved. A part only of the light, howerer, is transmitted, part 
of it being actually lost, part of it reflected, and a part dispersed. It is im- 
portant to remember that, in proportion as light passes through a greater 
thickness of matter, as for example, of air of vary ing density, it becomes less 
and less in quantity, being gradually absorbed, oispersed, and reflected.* 

It is usual to speak of the bending of light in its passage from one medium 
to another of different density, under the term refraction, while the throwiojg 
back of light from a surface is called reflexion. A ray ifaUing on a body is 
said to be incident. The part transmitted is refracted, and that thrown 
back, reflected. 

The course of a ray of light in its progress to the earth is, therefore, as 
follows : — The ray falls on tne uppermost mnits of the atmosphere, and meets 
there an elastic transparent fluid: at this point it is turned aside or refra>cted, 
a small part of it being, however, reflected back into space, a part dispersed, 
reflected, or distributed into the surrounding atmosphere, and a part abso- 
lutely lost. ^ As it proceeds through the air towards the Earth, it passes 
oontmually into a denser atmosphere, because the pressure increasing, and 
the air being elastic, the dimensions diminish, and at each instant the raj 
becomes therefore more and more deflected, while more and more of it is 
absorbed, and more is also dispersed and reflected. The portion that reaches 
the Earth varies in quantity according to the extent oi atmosphere passed 
through, imd its density, and is therefore not constant; but whatever the 
amount be, this portion is reflected back from the surface of opaque bodies, 
or transmitted, with still further loss, through transparent ones, and so again 
and a^ain till it is completely dispersed or destroyed.t 

Diminished splendour, and the false estimate we make of distance, from 
the number of intervening objects, lead us to suppose the sun and moon to be 
much larger when in the horizon than at any other altitude, though their 
apparent diameters to the eye when measured are then somewhat less. These 
and a number of other effects are results of refraction and the partial loss 
of light in passing through a great thickness of atmosphere. 

£i consequence of the dispersion of li^ht by means of the atmosphere, we 
obtain all those varieties of half shade which alone enable us to make use of 
organs of vision constructed as ours are. If it were not for this, we should 
constantly have either fuU broad and dazzling li^ht, or deep black shadow 
and impenetrable darkness. The objects from which light is emitted are few, 
and, with the exception of the sun, are rarely available, except by artificial 
means, so that in coimtries where the sun is often long absent, or where the 
clouds obscure its face during a large part of the day or year, the inhabitants 
would, in the cases alluded to, be in total darkness. A large quantity of light 
being, however, dispersed and reflected from particles of vapour in the air, 
there can hardly be found at any hour of the night, or at any season, a total 
absence of light, and there are no sudden and abrupt transitions to affect our 
delicate organs of vision. 

27 Twilight. — ^During a flne, clear, cahn day, in our northern latitudes, 
it may be observed, that as the sun approaches the horizon, the sky in the 
west assumes a yellow or red tint ; towards the zenith, or directly overhead, it 
becomes whitish, and the sky is less dear ; until just as the sun has fairly 



* See aiiU^ p. 76. 
t The quantity of light that passes through the atmosphere in dilferent states may be thus 
estimated : — Of 10,000 rays falling on the surface of the Earth, 8123 arrive at a given point if 
they fUl perpendicularly, 7024 if the angle of direction be 50% 2831 if it be 7% and only five 
rays arrive through a horizontal stratum. In consequence of so large a proportion of light being 
sometimes lost in passing through the atmosphere, many celestiiS objects may be altogeth^ 
invisible from a plain, and yet be visible from elevated situations. 
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gunk below the horizon, a red colour is seen in the east opposite to the 
Betting sun. This is the commencement of the phenomenon called twilight, 
and is owing to the existence and properties of the atmosphere, and chiefly to 
the light bemff reflected from its nigher portions. It depends, however, on 
the position of the Earth with respect to the snn, and also the condition of 
tiie atmosphere at the time, how long this phenomenon shall continue ; since, 
in the fogs of winter, darkness comes on almost immediately after sunset, 
while, on a clear summer eyening, the broad light of day continues for more 
than an hour little diminished. A similar phenomenon of twilight occurs in 
the morning before sunrise. 

Investigations concerning the absolute limits of our atmosphere have been 
greatly assisted by careful observations on the duration of twilight, but the 
subject is one of great intricacry, and the results which have been hitherto 
obtained are not absolutely conclusive. 

28 Mirage, — ^It is not only the rays of li^ht that proceed from a lumi- 
nary without the Earth, but also those emanating or renected from bodies at 
and near its surface, that are refracted by the unequal density of different parts 
of the atmosphere. The phenomenon of ordinary refraction, as it occurs in 
flnids of equal density throughout, is exceedingly simple, of whatever kind the 
fluids may be, when once the principle of refraction is imderstood ; but this is 
not the case with some curious appearances connected with unusual and irre- 
^pilar refraction producing optical illusions, and not unfrequently assuming all 
3ie appearances of direct reflection. The word mirage has been applied by 
the Erench to such phenomena, and as there is no satisfactory English trans- 
lation, we must be content to adopt it. 

The illusions of mirage difler according to circumstances, and they are 
sometimes exceedingly strange and almost startling in their character, pre- 
senting an image of what really exists, but is entirely out of the range of 
ordinary vision. Sometimes, also, they exhibit parts of objects, broken, dis- 
torted, and out of place ; sometimes they confuse in a singular manner the 
trae outlines of objects, and occasionally they present a gorgeous and fairy- 
like spectacle — superb palaces, with their balconies and windows resting on 
tiie bosom of the broad ocean, lofty towers near them, herds and flocks grazing 
in wooded valleys and fertile plains, armies of men on horseback and on foot, 
with multiplied fragments of buildings, such as columns, pilasters, and arches. 
All these may be seen again repeated in the air above, and £nnged with red, 
yeUow, or blue light. 

Phenomena so striking can be explained only bj a reference to the condi- 
tion of the atmosphere when in an imusual state with regard to moisture as 
well as density, and they may be conveniently arranged under one or other of 
the three following classes : vertical reflection, lateral reflection, and suspension. 

The most simple example of vertical reflection is that often observed in hot 
sandy deserts, and occurrmg after the soil has become heated by the presence 
of the sun. In such cases, the prospect seems bounded by a sheet of water, 
and underneath each object, as the villages which in !E!gypt are generally 
built on small eminences, the apparent reflection is seen as if in water. A 
singular effect of this kind is described as having been noticed in India, where 
Captain Maunday states, * A deep, precipitous valley below us, at the bottom 
of which I had seen one or two miserable villages in the morning, bore in the 
evening a complete resemblance to a beautiful lake. The vapour, which 
played the part of water, ascending nearly half-way up the sides of the vale, 
and on its bright surface trees and rocks were distmctly reflected.' 

In horizontal reflections the image ispresented sideways. In this manner 
Dover Castle has been seen from near Kamsgate, as if an intervening hill, 
which under ordinary vision cuts off a part of it, were actually removed ; and 
in this way, too, the French coast has been seen distinctly, and in all its 
details, from near Hastings, although the distance is sufficiently great to 
render it invisible by ordinary refracSion. 

The phenomenon of suspension is not less remarkable, and is called in sea 
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language, loomitM. It coiiBistB in the representation of an object inunediately 
above its true place, either in its trae position or reversed. Hius, Captain 
Scoresbj describes that he on one occasion distinctly recognised his fatker's 
ship at sel^ by its inverted imaffe in the air, although the distance between 
the two ships was as much as mirty miles, and the ship was therefore fu 
below the horizon of that from which it was observed. 

All these phenomena, and their different modifications, depend on the dif- 
ferent density of the lower strata of the air, and as this difference of density 
may be occasioned both by heat and moisture, and as heat may be reflected 
from a mountain side as well as from the horizontal surface of a plain, and 
from the sea as well as from the land ; and further, as contiguous vertical 
columns of air, as well as horizontal strata, may be of different densities, it is 
easy to understand why mirage may be seen in very different situations, and 
why it presents such varied appearances. It will also be evident that any 
cause which re-establishes the equilibrium of density in the different portions 
of the air must cause the illusions of the mirage to vanish. Calm in the 
atmosphere is almost essential to the phenomenon in question, and it has been 
remarked that thisperfect calm is often the precursor of a tempest. 

39 Colour, — ^The ray of white light proceeding from the sun, and whose 
course we have traced through the atmosphere, has been found to consist, in 
reality, of several rays, some of which communicate to our eyes the notion of 
various colours, while others seem chiefly important in producing heat or 
chemical action. It is found, also, that these rays are differently anected by 
passing through, or being reflected from the same substances, some being 
more readily absorbed and lost than others. Thus, the impression on our 
senses in looking through the clear atmosphere, is that of blue> while the 
setting sun communicates red or golden light to clouds, according to the cir- 
cumstances under which the light falls. 

The colours which, being combined, make white light, are three, and are 
called blue, red, and yellow, but severed well marked modiflcations of these 
exist, and it is usual to speak of seven primitive colours — ^viz., red, orange, 
yellow, green, blue, indigo, and violet. 

All substances known, however opaque, allow some portion of light to 
pass through them, and all, however transparent, absorb and destroy some 
rays. The colours of bodies are derived from their power of absorbing 
certain rays more readily than the rest, and thus giving forth li^ht, which, in- 
stead of being a mixture of colours in the proportions of white light, have 
some colour m excess., the idea of which they communicate to the eye. When 
light also passes through a transparent medium, such as a prism, a glass 
sphere, or a drop of water, it becomes decomposed, and in this way are pro- 
d!uced some of tne most striking meteoric enects in which colour appears. 
Bodies that reflect all the rays m the same proportion appear white, those 
that absorb all are black ; a violet reflects the violet rays alone, and absorbs 
the rest ; while a leaf reflects the blue and yellow rays, absorbing the red, 
and produces by a mixture of the two the compound colour known as green. 
Very careful observation has shown that there are dark lines in the image of 
the sun receired on a screen after the tnuumkrion of a ray of light thioagh 
a prism, and these by their permanence and uniformity appear to show that 
certain rays are absorbed in passing from the sun, or perhaps in traversing 
the solar atmosphere. 

30 Atmospheric Meteors exhibiting Colour. — The rainbow, one of the 
most striking of the common but occasional meteors, is the first that requires 
notice. It is a circular arch of variously coloured light, visible in the heavens 
when the sun or moon is shining, and when at the same time a shower of 
rain is falling, — ^the spectator being placed with his back to the sun, and 
observing the falling rain. Besides the principal bow, a second bow with 
inverted colour is often seen outside the principal one. Both consist of con- 
centric bands of the prismatic colours, arranged as the^ have been described to 
occur in the solar spectrum. The lower edge of the mterior bow is violet. 
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It is not very difficult to oompreliend generally the c&iue of the rainbow. 
A raj of Bonlignt entering a drop of water as it is falling to the earth is 
refracted as it enters, ana the refracted ray is subsequently reflected from 
the inside of the drop on its opposite side, and then emerges and proceeds 
towards the eye of the spectator, placed as has been describe. But the rays 
of colour bein^ refracted te different points, and becoming a line of coloured 
light as they issue from the drop, a part only will reallyreach the eye of the 
g^sctator, and from one drop he will see one colour. The same will happen 
with aU the other drops, and the eye will only be sensible of a band of coloiured 
light having an apparent breadth about equal to four and a half times the sun's 
apparent diameter in the case of the inner bow, and an outer band about half 
as large again. 

The appearance sometimes obseired around the sun and moon, and termed 
kUo or corona, is caused by the refraction of light by particles of water 
floating in the air. Parhelia — ^repetitions of the sun near the true place of 
that luminary, and atkelia or false suns, are referred to the refraction of lij^ht 
by floating prisms of ice. These and a number of rarer results of the action 
of those laws which affect light, produce their effect in consequence of the 
peculiar condition of our atmosphere, its occasional and irregular contents, 
and its unequal density. 

31 The Relation of the Atmosphere to Sound. — If the atmosphere were 
remoyed, and our organs of hearing remained as they now are, a death-like 
silence would appnear to us to peryade nature ; for all sound is connected with 
vibrations of particles of the air, producing wayes throughout the whole mass, 
though each mdiyidual particle does not moye far from its state of rest. The 
appearance of a field of ripe com when agitated by wind, offers a good illus- 
tration of the condition of the atmosphere when transmitting souno^ the only 
diflerence being, that each ear of com is set in motion by an external cause, 
and is uninfluenced by the motion of the rest ; whereas, m air, which is com- 
pressible and elastic, when one particle begins to oscillate, it communicates 
its vibrations to the surrounding particles, which transmit them to those 
adjacent, and so on continually. 

The yelocii^ of sound is uniform, and ^uite independent of its loudness ; 
but whateyer increases the elasticity of air, must accelerate the rate of the 
vibration, so that sound trayels faster in warm weather than in cold. The 
speed at the temperature of 62° Fah. is 1143 feet per second, whereas at 
freezing temperature, sound only trayels 1089 feetintne same time. It is an 
interesting fact that the rate of speed of sound is faster than would appear 
from theory, unless the result of the compression of the air in the trans- 
mission of tlie waye is taken into account. It has been already said that 
compression of an elastic fluid produces heat, and we haye just seen that heat 
quickens the rate of transmission. Thus the actual rate at which sound 
trayels is about one-sixth greater than it would haye been, if the temperature 
remained unaltered during the compression of the atmosphere. 

The transmission of sound, therefore, as well as the ten thousand other 
changes going on about us, are themselves engaged in originating still frirther 
changes, and calling into action powers and forces at first little suspected. 

iOl fluids and solids transmit sound, and most of them far more rapidly 
than air. Water, for example, conyeys yibrations of this kind four times, 
and some kinds of wood nearly seyenteen times, as rapidly as air. Still, air is 
the only means on which we can depend, for without this, our auditory 
apparatus would be useless, or only ayailable by the actual contact of material 
bodies in the solid or fluid state. 

32 Motion of the Air. — Winds. — So long as the density of the air remains 
the same, there is nothing to disturb the equilibrium of tne atmosphere, but 
if from any cause the eqmlibrium is disturbed, a moyement results, which we 
calltt7»9u2. If, for example, at any point of the Earth's surfiEuse the temperature 
is increased and the air aboye it heated, a displacement occurs, the warm air 
rising, and cold air rushing in from all sides to restore the balance. These 
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currents of air play a very importaat part in nature. They purify the air ot 
towns ; they modify and improye extremes of Leat and cold ; they disperse 
clouds^ and they assist, by the distribution of ^Uen and seeds, and oj a 
constant agitation of the dinerent parts of plants,, m preserving vegetation m a 
healthy state, and ensuring its continuanoe. 

Wmds are fi^enerally denominated from the quarter from which they blow. 
Thus, we speak of a north-easterly wind or a south wind, but there are also 
names given to some winds that are locally prevalent, or that exhibit any 
peculiar characteristics. Such are the trade winds, the monsoons, and others. 

The wind blows not only from various quarters, but witk every degree of 
force and rapidily, from me most gentle zephyr to the most destructive 
hurricane. The different kinds of winds in respect of quickness and force are 
spoken of under the terms breeze, gale of wind^ and tempest or hurricane, 
respectively. 

The direction of winds is determined by reference to an arrow or weather- 
cock placed on an elevated position, and where there are no adjacent buildmgs 
at so ^at an altitude to disturb the true direction of the current. The 
intensity of force is measured by an instrument called an anemometer, the 

1>rinciple of which is that of a small windmill, whose sails are moved more or 
ess rapidly as the vrind is more or less powerful. 

However apparently various the causes of winds may be, they are 
almost all refernole more or less directly to changes of temperature. The 
Earth is constantly presenting a different portion of its surface to the direct 
rays of ike sun, and is consequently exposed perpetually to alterations of 
temperature. These all affect the atmosphere, and produce an infinity of 
minor currents, influenced, however, by certain main currents, consequent 
upon the general regularity of the change undergone. 

The wmds which it is important to notice, as belonging to a general view 
of physical geography, are tnese : the land and sea-breezes, which occur daily 
on the coast and in the islands in tropical regions, certain periodical winds 
prevailing in some parts of Europe, some irregular winds observed in districts 
offering remarkable physical features, the trade winds, the monsoons, storm 
winds, iiurricanes, and whirlwinds. Those irregular winds which blow from 
Tarious quarters in temperate latitudes are not sufficiently referred to general 
principles to admit of description in this place. 

33 Land and Sea-breezes, — The winds called land and sea-hreezes are 
derived from the unequal action of the sun on the land and water, combined 
with the tendency of the atmosphere to preserve a state of nearly uniform 
density. During tJie day, in hot coimtnes, the steady shining 01 the sun, 
especially when nearly yertical, heats the land much more than the adjacent 
ocean, and thus the atmosphere above the land becomes more rarefieo, and 
from about nine a.m. the aar from the sea flows towards the land, to occupy 
the partial vacuum produced. As the heat of the land goes on increasing, 
the lorce of the breeze increases also, and this continues till two or three, f.k. 
After that time, the temperature of the land diminishes, decreasing much 
more rapidly than that of the water, bo that about sunset the breeze m)m the 
sea ceases. During the night, the sea and the air over it retain their tem- 
perature, but the l^d and overlying air become cooler, and the breeze then 
sets in from the land, the warmer and lighter air being again displaced by the 
cooler and heavier. This breeze from the land augments in force till near 
sunrise, when the temperature of the earth be^ns to increase once more, 
until about nine a.h., when the sea-breeze sets m. These breezes are not 
confined to the coast, as they converge and diverge in every direction, and 
extend far inland, but they must stiU rank as local phenomena. 

There are some periodical winds lasting for very limited periods, and 
occurring in various parts of the Earth. In the eastern part of the Mediter- 
ranean, tor example, a current sets in from the north-east, and blows eyeiy 
day from about the middle of July till the end of August, commencing at 
about nine a.m., and dropping at sunset. Similar win& blow in Spain and 
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also in Asia from the east, but are of shorter duration. Such winds are 
probably caused by the rarefaction of the. air under the tropic of Cancer, in 
consequence of the heat of the sun at the^ season during whicn they blow. 

The most important of the atmospheric moyements observed and referred 
to ree^ular laws occur within a zone, whose general limits are the thirtieth 
paraJiel of latitude above and below the equator ; although beyond these 
mnits, some of the prevailing winds which there take their origin are often 
found to extend. 

34 Trade Winds, — There are two regions in which the trade windt 
preyail; the one is north of the equator, reaching from latitude 10^ north to 
the tropic of Cancer, and extending in the West Indies to near 30° norUi 
Ifttitade, the other commencing a few degrees south of the equator, and 
extending generally to the tropic of Capricorn ; but in the Pacific Ocean, 
reaching a little further to the south. Between these regions is a zone of 
variable winds and calms. 

The zone of variable winds and calms, situated close to the equator, is a 
convenient point of departure in describing the periodical and regular winds. 
Although generally characterised by calms and light westerly breezes, sudden 
storms and squalls are not unusual, and vast quantities of nun fall there.^ 
The general result of the rotation of the Earth on its axis, from west to east, 
and the greater influence of the sun near the equator, cause the atmospheric 
covering of the globe to be, as it were, left behind, producing apparent winds 
near the equator. These, and the polar and equatorial currents that set in, 
and affect chiefly, and at first, the higher parts of the atmosphere, appear to 
produce the singular zone just referred to. It is situated entirely north of 
the line, owing, no doubt, to tke peculiar form of the land in the northern 
hemisphere, and tiie great preponderance of land there. 

The trade winds are perpetual winds occurring in the open tropical seas, 
north and south of the zone of calms, and are so called because thej greatly 
promote navigation and trade. To the north of the equator, these wmds blow 
m the eastern parts of the ocean from the north-east, but Airther to the west 
they become more easterly, and sometimes even blow from a little south of 
east. South of the equator they blow in the eastern parts of the ocean from 
south-east, but become more nearlj due east towards the west. They 
blow with less force and steadiness m the eastern than in the western seas, 
and are only experienced at a distance from land and in the open ocean. They 
are generally stronger in the hemisphere where the sun is not vertical, and 
are also there less easterly. The weather is generally fine when the trade 
winds are blowing, but, as has been already observed, the intermediate belt 
of sea is remarkable for the quantity of rain that falls there. 

The trade winds occur both in the Atlantic and Pacific Oceans, but vary 
considerably both in extent and force in these two great divisions of the water. 
In the Atlantic, they are found to have a wider range on the American 
than on the European side, and on that side they blow from due east, while 
near the Old Continent the direction is north-east. Of the two regions 
affected by these winds, the northern is less regular than the southern, and 
towards its northern boundary is less boisterous and capricious. The latter, 
or southern region, also ranges much ftirther north, commencing a Httle north 
of the equator, so that the northern district of the trades is even sometimes 
encroached on by it, and the winds meet. 

In the Pacific, the trade winds are by no means so well determined as in 
the Atlantic, nor are they so extensive in proportion to the much greater 
breadth of open sea, or so much to be depended on. They appear to blow 
permanently only over that part of the ocean extending from about the 
meridian oi the Gkdapagos to the Marquesas, or from longitude 91° to 130° 
W., afterwards becoming periodical wmds, or monsoons. In the Indian 
Ocean, from the coast of Madagascar to the shores of Australia, the south 
trade winds prevail, but the normem do not exist. As in the Atlantic Ocean, 
the southern perpetual winds extend north of the equator, when the sun is 
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in the northern hemisphere, having been met with as far as 3° 30' N. lat. in 
the month of July ; but in the opposite season, they recede to one or two 
degrees south of the line. The north-eastern trade wind is described as being 
more regular than in the Atlantic, and its northern boundary less variable. 
The region of calms in the Pacific is little visited, and less known. It is 
certainly north of the equator, but probably nearer to the line than in the 
Atlantic. 

The boundary of the trade winds in the temperate zone, in both hemi- 
spheres, and in both oceans, varies with the seasons — ^the difference being 
oonsiderable : and thus there occur regions, several degrees of latitude in 
width, alternately exposed to the sway of trade winds and of variable winds. 
The actual tenmnation of the zone of trade winds is generally marked by a 
sudden change of wind. This region of variable winds in the Pacific, and 
especially inue southern hemisphere, is generally much more uniform than in 
the Atlantic. 

The trade winds are confined to the ocean, but regular and constant 
easterly winds idso occur between the tropics in some countries, wbich pro- 
bably owe their origin to the same cause. Such winds, however, do not 
extend beyond extensive level plains. Examples are seen in the easterly wind 
which blows all the year over a great part ot the Sahara, or Desert of Afirica^ 
and a similar wind always blows on those vast plains of South America 
which are drained by the Amazon, and on those in the lower course of 
the Orinoko. 

The cause of these winds is generally considered to be the constant rare- 
faction of the air between the tropics, where the sun exerts so much more 
power than in the temperate and frigid zones, «and the consequent rushing in 
of currents of cold aur, from the north and south, towards the equator. If 
the winds moved with tlie rapidity of the Earth, the currents would of course 
be north and south, but as this is not the case, and the Earth moves far more 
rapidly from west to east, the winds are left behind, and appear to blow 
from other points. Thus, they blow from the north-east in the northern 
hemisphere, and from south-east in the southern, while near the equator, 
and where influenced by land, they occasionally blow from due east, or 
nearly so. 

^5 Monsoons. — These winds difier from the trades, in being only 
periodical, while the latter are perennial. They occur chiefly in the Indian 
Ocean, but prevail also in the seas between Australia and Chma, which may, 
indeed, be considered a portion of the Indian Ocean. They are produced by 
the peculiar conformation of the land in that portion of the Old World, and 
by tne predominance of land there, combined with the diflerence of tempe- 
rature constantly existing between it and the sea in its vicinity.* 

The monsoons nearly occupy the plac^ of the northern trade winds in the 
district above defined. Between the southern trades and this tract of ocean, 
there are occasional calms, often interrupted by winds, which, when the sun 
is in the northern hemisphere, generally blow between south-west and 
north-west, and during the other six months between south-east and north- 
east. These are sometimes called the north-west and north-east mon- 
soons, but they are not to be classed as monsoons in the proper sense of the 
term. The proper monsoons occur north of this region, and consist of 
a north-east wind blowing from November to March, and a south-west 
wind from the middle of April to the end of October. 

The north-east monsoon extends a little south of the line. It becomes 
regular near the coasts of Africa sooner than in the middle of the sea, and 
near the equator sooner than off the shores of Arabia. It is most regular 
and powerful in the month of January, especially in the northernmost angle 
of the Indian Ocean. It is not accompanied by ram on the Indian coast, mit 



* Periodical winds, called monsoons, occur also on the coast of Mexico, blowing n(»th- 
westwards along the coast from May to December, and south-eastwards from Decembor to 
March. Others occur on the Brazilian coast. 
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Uowing oyer a lam tract of warm sea, it produoes the ram j season on the 
eastern coast of jSrietL, 

The south-west monsoon begins a little north of the equator, and soonest 
off the coast of Malabar. Its influence is felt on land along the oouS^ of ike 
Indus. At sea it is a serene wind of moderate force, but it orings Terj heavy 
rain to the coast of Hindostan. 

The change of the monsoons takes place between the latter part of March 
and September, and the early part of April and October ; in some places a 
week or two earlier than in others. The change takes place gradually, and is 
accompanied by storms and tempests. On the wind ceasing to blow in one 
dnrection, the douds in the upper atmosphere are at once observed to take an 
opposite course, but some weeks may mtervene before the change is felt at 
toe Earth's suiface. 

36 Hurricanes. — ^These are storm-phenomena that occur from time to 
time on most parts of the Earth's surface, but certain districts are remark- 
able for e^diibiting <dl the phenomena of atmospheric disturbance on the 
grandest and most destructiye scale. Under the names Tjfphoon, Scirocco, 
Tonuido, &c. are sometimes designated storms haying certain peculiarities 
depending on local conditions. 

Hurricanes often trayel far from the spot in which they originate, and 
liheir path is marked by desolation, although their consequences are often 
notunfaYOurable to health, by entirely changing and purifying the air in those 
districts exposed to them. 

Hurricanes occur most firequently within the tropics, or rather near the 
verge of the tropics, and in the vicmity of continents and islands. In the 
noitiiem hemispnere, the West Indian islands, and in the southern, the 
islands of Mauritius and Eodriguez, seem to be the foci of the most violent 
and destructive storms. In the former district these commence near the 
Leeward Islands, and travelling first W.N.W., pass out into the Atlantic 
round the shores of the Gulf of Mexico, and are lost between the Bermudas 
and Halifax. Neax the Mauritius the hurricanes come from the N.E., travel 
S.W. by S., and return again to the east ; while in the Bay of Bengal they 
come £rom the east and travel westward. 

The period of hurricanes in the West Indies is from August to October, 
and early in June and July. In the Indian Ocean, these storms occur from 
December to April, and sometimes, though rarely, in November and May. 

The ranse of tiiese storms in the "V^st Indies is fr^m latitude 10° to 60° 
north, and longitude 50° to lOQP west. In the Indian Ocean they extend 
over a tract of 3000 miles in length. 

The motion of the air during a hurricane is by no means simple, and has 
induced the name of whirlwind to be given to some cases when this motion is 
recognised. It is produced by a mixed rotation on an axis and progression in a 
curved line, so that a kind of spiral results, the storm often seeming to return 
agam a second, or oven third tune to the same spot, having in each of these 
returns a different and often contrary direction, while in places not far distant, 
there is not the smallest apparent disturbance of the equilibrium of the 
atmosphere. One of the results of this kind of motion is, mat although the 
violence of the wind, in the active part of the hurricane, is sufficient to destroy 
houses, and tear up the largest trees by the roots, the rate of progress of the 
whole storm, from point to point, on the ocean is not greater tnan that of the 
ordinary atmospheric currents, varying, that is, from seven to fifteen miles 
an hour. The storm seems, therefore, to be a violent local disturbance of 
the equilibrium of the atmosphere conveyed along the Earth's surface, inde- 
pendently of, and in addition to, its own proper motion, which is round an axis. 

The hurricanes of the coast of China are called t^hoons, or tyfoons, and 
occur only, on an average, about once in three or four years, whereas not less 
than thirty ^at hurricanes have been recorded as occurring in the West 
Indian seas since the commencement of the present century. 

There are some remarkable local storms idso well worthy of notice. The 
timoon is one of these $ it blows only in short gusts of unequal duration, and 
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originates in tlie vast sandy plains of Nortliem and Central AMca. It niakes 
its appearance during strong south-western winds, but only between the 
middle of June and tne twenty-first of September. The gusts are burning 
hot, and have a putrid and sulphurous smell and suffocating feeling, occa- 
sioning profuse perspiration, difficulty of breathing, and often death, to tiiose 
exposed to them. 

The harmattan is a wind extending along the western coast of Africa, from 
Cape Yerde to Cape Lopez, and its period of occurrence is from December 
to February. It blows from the siae of the Great Desert, and is extra- 
ordinarily hot and dry, but not unhealthy. 

These grand disurbances of the atmosphere are intimately connected with 
electric changes, and are often accompanied by the most magnificent exhibi- 
tions of atmospheric electricity. Important results connected with terrestrial 
magnetism are also found to be involved with these appearances. 

37 Relation of the Atmosphere to Water. — ^It is manifest to every one in 
the latitudes in which we live, that the condition of the atmosphere with 
regard to moisture is constantly undergoing change, the air sometimes being 
so dry that the soil cracks and vegetation is parried, while at other times 
torrents of rain pour down and deluge the whole country. These conditions 
are, however, variable in every sense of the word, and different countries are 
very differently acted on hj atmospheric changes. 

Whatever oe the sensations of dryness communicated by the air, there is 
alwavs present a certain quantity of aqueous vapour, but this quantity is 
capaole of ^eat increase, and especially when the temperature is heightened. 
An atmosphere of steam is thus always mixed with the dry atmosphere of 
oxygen and nitrogen gas, and this steam atmosphere is sometimes saddenlj* 
and considerablv mcreased, sometimes very rapidly diminished : sometimes it 
is made visible by sudden changes, while at others it continues so perfectly 
mixed as to be invisible to the eye. In these various stages of visibility, we 
speak of air as containing mist, fog, or cloud— mist and fog being conditions 
of the atmosphere when vapour is visible at the Earth's surface, while clouds 
are the visible masses of vapour of some definite form, and at a distance from 
the Earth. 

There is a certain limit beyond which air of a given temperature will not 
hold aqueous vapour in pemct suspension, so that changes of temperature 
may cause the deposit of vapour previously held suspended and invisible, 
thus producing important alterations in the transparency and deamess of the 
atmosphere. 

It is important also to consider that water in assuming a different 
mechanical condition — ^that is, in passing from the fluid state into the solid or 
aerial — ^involves very considerable electrical changes. The fluid water in its 
usual condition passes into the gaseous state at ail temperatures ; even when 
it is solid, this process goes on very readily; and since a large proportion 
of the globe is covered with water, liie changes thus involved become con- 
siderable, and the equilibrium of the atmosphere is constantly undergoing 
disturbance from this cause alone. Perhaps, indeed, the mutual action ot 
air and water produces many of the most marked and important atmospheric 
phenomena. The evaporation of water is accompanied with the apparent 
loss and temporary disappearance of a large quantity of heat, which is thence 
said to be latent, or concealed, and the conversion of steam into water and 
water into ice, reproduces or renders sensible this concealed heat. 

To understand, therefore, the nature of aqueous meteors, it must be 
remembered that every change of condition of water involves changes to a 
great extent both of temperature and electricity. The most remarkable of 
the meteors are dew ana hoar frost, mist and. fog, clouds, rain, hail, and 
snow. With these are connected changes in atmospheric condition, mad^ 
known and studied by the hygrometer, the thermometer, the barometer, and 
the magnetic needle. We shall here only very briefly explain the nature 
and cause of the phenomena themselves. 
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38 Dew, — ^Dew is fche moisture deposited from the air, in minute g[lobides, 
on the surface of various bodies, when that surface is colder than the atmo- 
sphere. This occurs chiefly at ni^ht, more especially in Spring and Autumn, 
out generally on dear, serene nights, when the (uflerence of temperature 
oetween day and night produces a marked variation in the quantity of water 
which the air is capable of retaining in a state of perfect solution. When 
the vapour is made visible, the air ceases to be clear, and mists or fogs arise, 
but these are very different from dew both in their nature and appearance. 
The deposit of moisture is then only called dew when the water is precipitated 
on solid bodies and the air retains its transparency. 

Since the formation of dew depends on the difference of temperature of 
the air and solid bodies with which it is in contact^ and as solid Dodies part 
with temperature with very different degrees of rapidity, it is clear that there 
on^ht to be a larger quantity of dew on those bodies which radiate heat 
readily than those which are slow in undergoing change ; and this is indeed 
the case; for the polished surface of metab receives scarcelv any dew, while 
wool, or any animal substance, or ^lass, radiating heat rapidly, receives large 
quantities. So also the interposition of any substance, such as a cloud, very 
sensibly affects the quantity of water deposited in this form, for it botn 
interferes with radianon and reflects back again some heat. The dew is 
mamly deposited near the ground, since the radiation of heat from the 
Earth's surface in the evening and night produces there the greatest amount 
of cold. When the cold at tiie surface is below the freezing point, the dew 
freezes as it is formed, and thus are produced the beautifm appearances of 
hoT frost. The presence of a considerable quantity of vapour in the air« 
Indicated by the deposit of large quantities of frozen dew, or noar frost, after 
a clear nignt, has often been remarked as indicative of change of weather, 
and is not likely to be succeeded by steady and long-continued frost. 

39 MisU and JFb^tf.— These phenomena are frequent results of a small 
change in the condition of the atmosphere near the ground, in those countries 
in wmch the soil is occasionally damp and comparatively warm, while tiie air 
is damp and cold. The damp air m contact with the Earth, on a calm 
morning, chilled by the colder air above, parts with its moisture, or, at least, 
the moisture assumes the form of visiole vapour. Where there are vast 
multitudes of minute particles of carbon floating in the air, as in the neigh- 
boorhood of large cities, these mix with the vapour, and form those thick and 
abnoBt opaque K>gs so well known in London and other places. Thus, also, 
are formed thick mists in Newfoundland and on the eastern coast of North 
America, when the melting of icebergs, stranded on the great bank of New- 
foundland, chills tiie air, and causes it to part with a large portion of the 
moisture it had before held in a transparent state. 

40 Cl(mds, — Mists forming on mountains, either immediately or after 
being removed by drifting winds, often become true clouds, but clouds are 
Aot only formed m contact with the Earth, but often very high in the air ; nor 
are they left in those places where they flrst appear. Clouos also assume an 
infinite variety of form, and, by decomposing or reflecting light, produce 
beauti^ effects of colour ; and tney are no less remarkable for their combi- 
nations with each other, and the changes thus induced, which, as rain, hail, 
or snow, or electric and magnetic storms, are of very great interest in refer- 
ence to the general structure and conditions of the Earth's crust : as in all 
cases the change of condition from visible water or steam to invisible vapour, 
or the converse, produces great alterations of temperature and electricity 
and these again react upon the rest of the atmosphere. 

The clouds that are formed or float in the atmosphere, are collections of 
minute globules of water, preserved in equilibrium at a certain height above 
the Earl's surface, either oecause of the crossing of currents of air differently 
capable of retaining water, owing to differences of temperature, or because 
ascending currents of air prevent the further descent of vapour having a 
very snuul degree of density. During the day, the surface of the Earth gene* 
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rally receiyes a sensible addition of heat, wliicli it parts with by radiation at 
, night, and thus it is not unusual to see the clouds rising higher in the air as 
the day adyances ; while in the eyening, after sunset, they descend and often 
deposit moisture. 

Clouds differ so much in their appearance, their position, and their in- 
fluence on weather, as to require consideration in some detail. They have 
been described imder different names, in three groups, which appear tolerably 
distinct. 

There is a group of clouds often seen in the upper regions of the atmo- 
sphere, and frequently in the finest weather. They are of the most delicate 
forms, and are known by yarious names to mariners and others who stady 
the appearances of the sky. Thus mare's tail, mackerel sky, and other names, 
indicate their sweeping and fretted character, and they are seen also in long 
ranges, apparently ra£ating from the north magnetic pole, particularly during 
or after the phenomena of^the Aurora, and wnen any great change in the 
magBetical condition of the atmosphere is going on. 

These clouds originate from three to four miles aboye the sea leyel, and 
reach eyen to higher altitudes than this in mountain countries. They are 
conmion in the finest weather, and show the most distinct and sharpest rorms 
when the air is driest. The technical name for such clouds is cirrus, or earl- 
clouds, and when wet weather approaches, they pass into horizontal sheets, 
descend lower, become denser, and lose much of their picturesque character. 
When seen in motion, they rarely agree in direction with that of clouds and 
air currents nearer the Earth. 

The cumuhis, or heaped cloud, is generally of much denser structure tban 
the cirrus, and much nearer the Earth. Clouds of this kind conye^r large quan- 
tities of moisture to great distances, and act a yery important part in modifying 
the effects of the sun*s rays, often forming during the day and dispersing Sf, 
night. In fine weather, they are of moderate eleyation, yarying from one to 
two miles, and they are then also of moderate extent, exhibiting well-defined 
roundish outlines. Before rain, they increase rapidly, sink nearer to the 
Earth, become fleecy and irregular, and pass into another form. 

The clouds called stratus rest generally on the surface of the Earth or 
water, and thus resemble or replace mists. They are essentially ni^ht-clouds, 
and often pass into cumulus afbier sun-rise, but are greatly mixed with cumuli, 
forming in that case banks and ranges of cloud. B; has been obseryed, that 
although these clouds and the combinations of them increase yery much, and 
put on the most rain-like appearance, they do not actually rain so long as 
they retain a definite character and a separate existence. 

41 Rain. — ^Eain is the deposit of moiBture from clouds, in drops falling 
through the air ; but before rain takes place, the clouds undergo a change, 
and pass into the state called nimbus. This is best seen in stormy weather, 
when the cumuli rise first into mountain-like masses, and afterwards change 
into those stratiform masses of yapour, which, occupvmg a middle state 
between cumulus and rain, are so commonly seen in cnangeable weather m 
our climate. Long ranges of delicate clouds m horizontal streaks occupy the 
summits, and ultimately form a crown, extending from the top in tufls, and 
the sudden union of such clouds immediately precedes, and is accompanied 
by a shower. Eain falls also occasionally, but rarely, without clouds. 

When, as sometimes happens, a yery large quantity of rainfalls in a short 
period of time, it may seem difficult to comprehend exactly the physical cause, 
but generally the mingling together of great beds of air of imeqaal tempera- 
ture, and in different wectrical states, may be referred to as sufficient, because 
in the admixture of such beds of air, the united yolume is not by any means 
capable of retaining the same quantity of water as the two separate beds had 
done. It is not, howeyer, the case that admixture of air necessarily inyolyes 
a fall of rain. 

43 The Distribution of Rain, — Bain falls upon the Earth in exceedingly 
yariable proportions ; in some places the faU being periodical, in others almost 
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constant, and in others Bgam, so rare as to be scarcely known, while in our 
country and many parts of both temperate ssones, it is so variable and irre- 
gaba as to induce us to assume the weather as the tjppe of inconstancy. The 
quantity of rain that falls is also very different n>r different districts, at 
Tsrions seasons of the year, and in different years ; depending much on local 
peculiarities, such as the insular or continental position of any particular spot, 
the mean annual temperature, the extremes of temperature, the preyailing 
winds, the form of the land, and its height above the sea level. 

Speaking generally of iJiat part of the habitable globe known by actual 
observation, we may refer to the northern and southern temperate zones as 
districts in any part of which rain may or does fall every day of the year, 
(thence called zones of constant precipitation,) and the torrid zone, where one- 
half of the year is characterized by extreme moisture, and the other by extreme 
drought. The northern zone of constant precipitation is the One of which the 
phenomena are best known, but many important observations have also been 
loade in the corresponding southern zone, as well as between the tropics. 

On the whole, the quantity of rain is greatest at or near the equator, and 
dimmishes towards the poles ; but too little is jet known of the mean annual 
rain-fall in extra- European districts, to admit of any general conclusion 
being drawn, or accurate comparisons made. There appears to be a much 
krger quantity of rain in the topical region of the western than the eastern 
hemisphere, and a larger quantity in the northern than the southern zones of 
oonstfloit precipitation. More ram also Mis on islands and coasts than in the 
interior of continents, on the slopes and summits of mountains than on the 
plains adjacent, and on the western than the eastern side of continents. 
In Europe, and generidly in the north temperate zone, winter is the wettest 
season, and summer the driest ; while on the east coast of Australia, the 
autumn and summer include the chief rain months. 

Within the tropics, the rainy season follows the apparent course of the sun, 
and the rain is both most frequent and most abunaant in the narrow zone of 
variable winds, already described as extending a little north of the eq[uator, 
where also there are Sequent thunder storms. Most of the land withm this 
zone is the scene of almost incessant rain-fall ; while in the open sea, north 
and south, when the trade winds are blowing, rain is extremely rare. In 
India, however, the monsoons greatly modify the order of the seasons, the 
western coast being watered by the south-east monsoon, between April and 
October, and the eastern by the south-west monsoon blowing from October 
to April. Between the coasts and in the interior of the penmsula of India, 
the rains are sometimes occasional through the year, and the climate partakes 
of that of both the east and west coast. 

There are large tracts, forming a belt round the globe, in which rain is 
either never knovni to fall, or occasionally falls, but omy in small quantities, 
and at long intervals. The most extensive of these districts includes the great 
Sahara, or desert of Africa, the deserts of Arabia and Persia, and that of 
Beloochistan. It occupies three millions of square miles. The great table 
land of Thibet is a siinilar district, occupying near two millions of square 
miles, and the table land of Mexico exhibits me same peculiarity over half a 
million of square nules. All these extensive regions are not, however, hope- 
lessly barren, as might be expected from the absence of rain ; for in many of 
them, the large deposit of moisture in the form of dew renders vegetation not 
only possible, but luxuriant. 

43 Snow. — ^When moisture is precipitated from the union of atmospheric 
volumes of unequal humidity and temperature, it freauently happens m the 
temperate and frigid zones, that the temperature of the air is below the 
freezing point of water, and this may arise either firom absolute cold or (at 
high altitudes) from greatly diminished atmospheric pressure. In these cases, 
the moisture will become nrozen, and form into flakes of snow, each of which, 
when examined under the microscope, is foxmd to be composed of a great 
number of separate and transparent crystals of ice. It is m intensely cold 
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weather tliat these are most remarkable, and manjr of the most interestmg 
forms are only met with in the Polar regions. During the fall of snow, it is 
not unnsual in temperate climates for the thermometer to rise considerably. 

In all parts of the Earth, the rarefaction of the air at a certain height 
above the sea is sufficient to produce a temperature at which water exists in 
the solid form, but this limit of perpetual snow yaries exceedingly with lati- 
tude and local, position, rising withm the tropics to upwards of 17,000 feet, 
and in l^e Polar regions descending to the sea level. The most remarkable 
instance of the elevation of this hne occurs in the Himalayan chain, the 
loftiest in the globe, where the snow limit is lower by several hundred feet on 
the northern than on the southern side of the mountains, although £rom the 
position and the latitude, it might have been expected that the contrary would 
nave been the case. The proportion of the absolute surface of the Earth 
covered with perpetual snow has not, we believe, been yet determined ; and 
in consequence of the form of the land, and the position of the high moun* 
tains on the Earth, many of the most remarkable elevations do not reach the 
Hmit, while others, far less important, are more or less included in it. The 
following tabular statement wul be found interesting, as giving an approxima- 
tive view of the position of the snow-line in various latitudes. 

Limit of Perpetual Snow, 

Andes 15,000 to 20,000 feet. 

Himalaya 12,000 to 16,000 

Alps about 8600 

Norway „ 5000 

Patagonia „ 3000 

Iceland „ 2000 „ 

Mount Erebus, in the South Polar land, rises 12,000 feet directly from the 
sea, covered with perpetual snow from its base to its summit. 

44 Glaciers, — Glaciers are masses of ice, often commencing in such moun- 
tain valleys as are above the limits of perpetual snow, and reachmg to consider- 
able distances in the plains below. They have been described as icicles descending 
from a snow-covered roof; and as their mass and extent arise from the 
difference between the quantity of snow sinking into the valley in a year, and 
that of ice melted during the same time, they are dependent on the form of 
the valley, and the amount of shelter it affords, together with the mass of the 
snow above, and the facilities for descending the gorge, and may thus descend 
considerably below the snow-clad mountain tops, and advance far into retired 
and fertile valleys. 

The most remarkable and extensive glaciers are those of the Alps, Norway, 
Iceland, Spitzbergen, Western Patagonia, and the shores of the Antarctic 
continent. The best known are those of the Alps. Except in Patagonia, the 
great chain of the Andes presents no glaciers, and in the Himalayan moun- 
tioiins there are but few, and those not extensive. The extent of glaciers in 
the Alps is estimated at about 14,000 square miles, and their numl^r as 400. 

45 Hail. — This phenomenon, which consists of the fall of frozen drops of 
rain, and occurs usually when the weather is warm, has often attracted 
attention. Connected as it is with great electrical disturbance of the atmo- 
sphere, and often with thunder storms, there can be no doubt that the main 
cause of the formation of lumps of ice in the air is the result of cold, produced 
by very sudden and rapid evaporation. The descent of hail, at least in some 
countries, appears limited to particular seasons and certain hours m the day; 
the chief hail storms having also very definite and narrow limits. Hail 
rarely falls on mountains in temperate olimates, while in the equatorial 
regions it is equally rare for it to descend so low as 2000 feet. In some 
extreme cases, hailstones have been noticed measuring more than a foot in 
circumference, and weighing upwards of half a pound. These are occasionally 
round or polyhedral, but sometimes flat and angular, and there is great 
difficulty in accounting for the formation of such large masses. 
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The disturbance of electric equilibrium is aooompimied by storms of 
thunder and lightning, as well as heaTy rain, hail, and strong wmd. These 
storms often i^Le pliuse very high in the air, haying been seen in the tern* 
perate zone at a measured yemcal eleyation of 26,660 feet ; but on the 
other hand, the stratum of cloud in which thunder takes place, is sometimes 
not more than 3000 feet aboye the plains. 

46 Climate, and Distribution of Seat. — ^By climate, in a general sense, 
ve understand'all those states and changes of tlie atmosphere which sensibly 
affect our organs. These include temperature, moisture, yariation and amount 
of pressure of the air, calmness of the air or the effects of preyalent winds, 
electricity, purity, and transparency of the air, and serenity and clearness of 
tiie sky. All such causes influence the himian frame, and greatly affect the 
derelopment and health of all organic beings. 

Questions of temperature that affect (uimate must be considered on the 
sTeraee of a long period of time, and yery different ayerages are obtained, 
aeoording as we take the mean temperature of the whole year, of the sunmier 
months, or of the winter months. It has been found conyenient to bringtoge- 
ther the results of obseryation with regard to each of these points in dmerent 
districts, connecting by lines the places where the same temperature obtains. 
In this way are formed those imaginary lines upon the Earth, known respec- 
tiyely as isothermal lines (lines of equal mean annual temperature), isotheral 
Unes (those of equal mean sunmier heat), and isochimenal lines (those of 
eqaal mean winter cold). Other lines haye also been determined, which assist 
greatly in determining, ^ priori, the climate of districts not preyiously 
inown, amongst whicn are isobares (lines of equal mean heignt of the 
barometer at the sea leyel), but we consider only, in this place, uie subject 
of temperature. 

Owmg to the position of the Earth with regard to the sun, different 
quantities of heat are receiyed on different zones of the surface, yarying 
according to latitude or distance from the equator. If the surface were 
uniformly leyel, and eyerywhere of the same conducting and radiating power, 
parallels of latitude would be at once isothermal, isotheral, and isochimenal 
unes, but as this is not the case, and as eyery uneyenness of surface and 
every dijOTerence of materiiJ produce; both directly and indirectly, a difference 
in respect of temperature, it results that places, in the same latitude, rarely 
receiye the same amount of heat in the year, and, eyen when they do, hardly 
6?er haye it similarly distributed. Examples of this are innumerable, and will 
at oncejpresent themselyes to the reader's memory. The mean annual tempera* 
tore of Quebec, in latitude 47° N., is nearly the same as that of GiVondjem, on 
the coast of Norway, in latitude 63°. The temperature at Nain, on the coast of 
Labrador, is about 20^ Fahrenheit lower than that of parts of Scotland in the 
same latitude, while the limit of perpetual ground-frost (32° Fahrenheit) in 
the northern hemisphere, rises in the Greenland sea flye degrees of latitude 
aboye the Arctic circle, and on the sea of Okhotsk sinks no less than twelye 
de^es below it. So also the mean winter temperature of Fekin (in a 
latitude south, of Naples,) is more than fiye degrees (Fahrenheit) below the 
freezing point, while that of Paris, 700 miles fi^ther north, is more than six 
degrees (Fahrenheit) above the freezing point ; the mean temperature of the 
month of August in Hungary is nearly 70^ Fahrenheit, while in Dublin, 
sitoated on the same isothermal, it is barely 61°. The winter temperature of 
Dublin, howeyer, is more than 3^° higher than that of Lombardy, although 
its mean annual temperature is more man 4^° lower than that 01 the towns 
m the latter country. Thus, it is clear that the same mean annual tempe* 
ratore may be distributed in a yariety of ways, in the different seasons of the 
year, while, owing to local influences, places on which the sun shines for the 
same number of nours during the year, may receiye yery different amounts 
of heat. It is found that, in the nortiiem hemisphere, there are two poles 
of cold, round which the curyes are grouped ; the Western, or American pole, 
being in 80° N. lat., and 260° E. long., with a temperature of 3i° below »ero of 
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Fahrenlieit, (35^^ below the freezing point of water,) while the eastern, or Sibe- 
rian pole is in me same latitade, but in 95^ E. lon£^., with a temperature of 
one degree of Fahrenheit, being thus five and a naif degrees warmer than 
the other. The isothermal lines round these two poles, and their inosculation 
have not been accurately determined. 

On the whole, the following table seems to ove the most useful genend 
idea of the distribution of heat on the globe ; me different regions in the 
two hemispheres being distributed into sones according to their meau 
annual temperature : — 



PedgnatioD. 




Kean Annual 
Temperatme. 


Hot or equatorial zone . 
Warm zone .... 

]lflld zone 

Cool zone 

Ciold zone 

Frigid or polar zone . 


Between isothermal curves 77° both hemispheres 
H „ 77° and 69<» 

6V> and 410 
H 41*" and S2o 
82° and 6° 
Within isothermal onrre of S° 


+ 79°-70 Fah. 
+ 68°'00 
+ 60°-00 
+ leo-ftO 
+ 18°-50 
+ 80-20 



It has been attempted to determine also the mean temperature of lar^e 
portions of land. Thus, the temperature of the tropics generally, near the 
coast, is estimated at 81^^ Fahrenheit, but in the interior is much higher. 
The mean temperature of the whole Earth has been recently estimated by 
Doye to amount to 58*2° Fahrenheit, being about &4P in the month of Januaiv, 
and 62° in July. Many interesting conchisions are obtained from the study 
of this branch of Meteorology. 

As among the remarkable results shown by the recently published maps d 
Professor Doye, we may also here mention that the mean temperature of the 
nor^em hemisphere is nearly 60°, and that of the southern only 56° ; that 
the mean winter temperature in the former is, howeyer, less than 49°, and in 
the latter 53^°, while the sxmimer temperature in the northern hemisphere is 
71°, and in the southern only 59^° ; the limits of deyiation in the one case 
being 12°, and in the other onh* 6°. These tables are deduced ^m observa- 
tions extending oyer a series oi years at as many as 900 stations. 

The changes of temperature aboye referred to are assumed and described 
throughout, if possible, for the leyel of the sea ; but as we haye already seen 
that on the higher slopes and summits of many mountain districts, in yarious 
parts of the world, snow not only falls, but there is a limiting plane above 
which it never melts, it is dear that there must also be gradual changes 
of temperature on the sides of mountains, and at all considerable altitudes. 
This is, indeed, the case ; and eleyation even to a yery moderate extent often 
produces considerable modifications of climate. 

It is a general rule, that the actual temperature of any part of the Earth's 
surface depends, partly on the mean annual temperature at the sea leyel, as 
determined by the isothermal hne passing through it, and partly on the 
elevation aboye the sea, or the greater or TesB column of air that the solar 
rays pass through, the temperature dim i nishing one decree for about three 
hundred feet oi vertical elevation. Many important weal exceptions pre- 
yent this from being a calculation to be depended on, in any spot not yet 
determined by actual measurements ; but, as a general rule, it is applicable 
between the Iropics. Thus, many cities situated on elevated plains are cooler 
than would appear from the isothermal line passing through them, and thus 
also on the slopes of mountain chains, within the tropics, we find aU yarieties 
of climate, sometimes within two days* journey. 

The winds which blow over a country pass sometimes oyer yery large 
areas of warm sea, sometimes oyer cold seas, and sometimes over ice, while, 
in some cases, also, they haye just proceeded oyer extensiye ranges of land, 
either heated by the sun's rays, or chilled by the presence of perpetual snow. 
It is therefore evident that me climate will be very much momfied by the 
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nature of the winds that blow, inasmxich as these not only affect the tem- 
peiatnre, but also very greatly influence, and even bring with them, the 
amount and regulate the aistribution of moisture. The obserrations already 
offered on the subject of winds and rain, together with those which will be 
given when considering the phenomena of the ocean, have reference to climate, 
and the general conditions which render a country fertile or habitable. 

It is commonly known and felt that both cold and heat are more intense 
when the sky is clear than when it is oyercast with clouds, and thus it arises 
that those countries where the winds brine large quantities of moisture, and 
are met by others differently constituted in this respect, and where, con- 
geotiently, clouds and mists are fire(][uent, the climate will be essentially 
dinerent from that of coimtries in which the same mean annual temperature 
is accompanied by a clear sky. England and Holland are examples of this 
difference. 

47 Conclusion, — The meteorological portion of Physical Geography, 
wliich we are now bringing to a concUision, shows that the yarious processes 
going on in the yast aenal ocean, are so intimately connected, uiat each 
separate meteorological process is at the same time modified by all the rest. 
Tnis complication of causes and effects renders it yery difficult to interpret 
My ana clearly the different phenomena, and almost preyents any such 
prediction of atmospheric changes as is required or demanded for agriculture 
and navigation, or even for the conyeniencies of life. Those, therefore, who 
look only to an immediate result and power of prediction, may belieye that 
this branch of science has made but little progress. But tne results of 
science are not always in this way inmiediately and positively applicable, and 
although many facts and laws of extreme practical mterest have been made 
blown already in the pursuit of meteorology, the main yalue of the science 
must still be placed in the knowledge of the phenomena themselves, and the 
extent and truth of those partial generalizations which have been suggested,^ 
and which haye yet to be examined and verified. 

Among these general results it appears that considerable deviations from 
the mean distribution of temperature are rarely local in their occurrence, 
bat extend uniformly over large areas, reaching their maximum at some 
determinate place, receding gradually until its limits are reached, and then 
when these are passed, extending into great deviations in the opposite 
direction. It appears, too, that smiilar relations of weather extena more 
often from soutn to north than from east to west, but there is no reason for 
supposing that a seyere winter will be followed by a hot summer, or a mild 
winter by a cool summer. 

With regard to instruments, it is im])ortant to remember that the baro- 
meter indicates to us what takes place in upper and distant regions of the 
atmosphere, while the thermometer and hygrometer give purely k>cal results; 
but as important changes of weather do not usually arise merely from local 
causes situated at the place of observation — ^their origin occurring rather in 
disturbances of the equilibrium of the currents of the atmosphere and 
electrical changes be^un afar off— various and long-continued observations, 
and a careful comparison of results, are absolutely required for accuracy in 
meteorology.* 



* Hm recent introdaetion of the aneroid barometer, an instrument for measnxlng the pres- 
lore (^ air by means of a partial yacunm — ^avoiding the column of fluid liitherto employed — ^is 
worthy of some notice in this place. 

At the present time, and judging from the faistmments hitherto made, there seems ne 
ptobabilily of the ordinary mercurial barometer being superseded, but the application of the 
neroid principle to improved machinery promises to be ultimately very imp(»tant, on account 
of the convenience of form and facility and safety of transport. For these reasons, the aneroid 
BDay be carried by the traveller to measure the height of mountains, and obtain much other 
inefiil and desirable information, "vrhich the inconvenient form and fragile nature of either the 
common or mountain barometer render difficult to procure. 
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OHAPTEH IV. 
OJH THE FOKM AND DISTEIBTJTION OF THE LAND. 

i 48. What is meant by ' land.' — 49. Distribution of land. — 60. Ck>ntinents. — 61. Islands.— 
62. Inequalities of the surface of land. — 63. Low plains and steppes. — 64. Deserts. — 
66. Silvas. — 66. Llanos. — 67. Pampas. — 68. Sayanuabs, or prairies. — 69. High plains, 
table lands, or plateaux of the Old World. — 60. Table lands of America. — 61. Mountain 
systems of the earth. — 63. General connexion of the mountains of the Old Wwld. — 
68. Mountain chains of the New World.-^64. Mountains of Australia. 

'TTTHATis meant by Land, — ^Under the term land, is induded every vaneiy 
wV of mineral Bubstance and rock formation usnally existing in a solid form 
upon the Earth, and not covered constantly by water; and it is matter of fami- 
liar knowledge that the surface of the Earth thus presented, is exceedingly^ 
irregular in outline and elevation, being collected mto some extensive conti- 
nental masses, and a vast mnltitade of smaller areas, called islands. The form 
and position of the continents — their extent both in ma^tude and direction'— 
the position of the several portions of their surface with respect to the sea- 
level — ^the nature, extent, and direction of their devations above, and depres- 
sions below, this g[eneral level — ^together with the position, the mode of 
grouping, and the irregularities of surface of the different insular areas — 
Uiese are all points of mterest with respect to the land, and together they 
involve a description of the physical peculiarities of this poraon of our 
globe. 

40 Distribution of Land, — The land is very unequally distributed in the 
two nemifiuheres separated by the Earth's equator ; tne proportion of land to 
water on tne northern side being very much larger than on the southern ; so 
also the absolute quantity of dry land on the eastern side of the Atlantic is 
much larger than on the western ; and if an observer were stationed vertically 
above a point in England, not far firom the Land's End, in Cornwall, and 
could thence see one half the globe, he would have before him almost all the 
land ; while, on the other side, would be scarcely anything but a few islands 
and a portion of Australia and Patagonia visible above the water. 

Many facts have been noted in reference to this subject. The whole area 
of land on the Earth has been estimated at about 61^ millions of square British 
statute miles, and of this quantity more than three-fourths lie to the north of 
the equator. Only about one twentv-fourth of the whole area of land con^ 
sists of islands (Australia; being excluded). If we compare the north with 
the south temperate zone, we nnd the proportion of land nearly as thirteen to 
one ; while, on the equator, about five-sixths of the circumference is water. It 
appears also that only one twenty-seventh of the existing land has land directly 
opposed to it in the opposite hemisphere. 

50 Continental ia«rf.— -Of the whole area of land, that portion which, 
being connected together and continuous, is called continent, consists of two 
principal portions, one on the eastern side, containing Europe, Asia, and 
Africa, sometimes called the Old World, or the great continent; and the 
other the western, including the two Americas, and known under the name of 
the New World. 

The principal direction of the old continent is from east to west, or, more 

Erecisely, from north-east to south-west ; while the western continent extends 
rom north-north-west to south-south-east. Both continents are terminated 
toniards the north at about the seventieth parallel of latitude, and both run 
into pyramidal points towards the south, having submarine prolongations 
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indicated in South America bj islands, and in South Africa by shoals. The 
area of the greater (the old) continent, together with its adjacent islands, is 
about thirty-three millions of S4j[uare miles ; that of America, only fourteen 
millions and a half; and Australia, with the Polynesian Archipelago, barely 
four. Of the portions of the old continent, sometimes called separately con- 
tinents, Asia forms one-half, AMca three-eighths, and Europe only about 
one-eighth of the whole. 

The pyramidal termination, southwards, of idl the principal land on the 
globe, is a yery remarkable fact ; and it has been observed, that the southern 
extremities of AMca, Australia, New Zealand, and South America, form a 
regular gradation, each reaching nearer the South Pole, in the order here 
expressed, and the projecting points are as nearljr as possible in the same 
meridian in the two hemispheres. Pyramidal terminations obtain also in the 
peninsulas of Arabia, Hindostan, Malacca, and California, and in the chief 
masses of land in the Mediterranean, as Italy and Greece. 

The form and indentation of the coast lines are phenomena of considerable 
interest, especially as they bear on commercial enterprise ; and the existence 
of those peninsulas and irregular projecting tongues of land, or detached 
islands, wnich abound chiefly on the coasts of Europe, Eastern Asia, and 
Eastern North America, is worthy of notice, in reference to the progress of 
the civilization of mankind. All the shores of Europe are deeply indented 
by bays, and there are also a number of inland seas of very considerable mag- 
nitode, so that our continent has a greater proportion of n:iaritime coast th^ 
any other district of the same magnitude, llie European coast line measures, 
indeed, nearly twenty thousand miles. The coast of Asia also exhibits large 
seas, bays, and gulfs, which are sheltered by a chain of islands, rendering 
navigation dangerous. The whole length of Asiatic coast amounts to about 
thirty-three thousand miles. The coast of Africa measures nearly fifteen 
thousand miles in length, and is little indented except along the coast of 
Guinea and in the Meoiterranean. The American coast is very different in 
different parts, and its whole length is upwards of forty thousand miles. The 
shores of the Icy Ocean are very complicated, and other parts of the eastern 
coast, as far as Mexico, exhibit a considerable number of gulfs and inlets, 
but the shores of South America are very entire, except at the southern 
extremity. On the whole, the result of investigation on this subject shows 
that the western coast of the Old World, in Europe, is the most deeply and 
frequently indented, and the best adapted of any on the globe to the wander* 
ing habits of mankind. 

51 Islands, — The islands, or portions of land separated by water from 
the great continental areas, vary in character very greatly, some being 
arranged in distinct groups and series, having common peculiarities, others 
being related rather to the adjacent mainland. These may be considered to 
form two principal sets— viz., the elongated or continental islands, generally 
belonging to the nearest considerable mass of land, and the round or pelagic 
Blan£, forming systems, generally occurring in the open ocean, and apart 
from continental lands. Tsiq former are generally in series, and appear in 
some places to give indication of extensive submerged continental lands, as 
in the long suite of islands which, beginning to the south of New Zealand, 
sweeps round the east and. north sides of I^ew Holland, including New 
Caledonia, the New Hebrides, the Solomon Islands, New Zealand New 
Guinea, &c., and the yet more remarkable islands beginning with the Philip- 
pines, extending northwards through Formosa, the Ijoo-Choo and Japanese 
iehuids, and so to the iKurile Islands. The chain of islands of which the 
Moluccas, Java, and Sumatra form the principal in point of ma^tude, the 
important island of Madagascar, off the coast of Africa, the main chain of 
West Indian Islands, in the Gulf of Mexico, and the long ranges of islands 
on the northern coast of North America, are further examples in distant 
countries ; while in Europe, the chains of islands on the coast of Scandinavia, 
the British islands, the elliptic islands between Italy and Spain, the islands 
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on the east coast of the Adriatic, and the islands of the Greek Archipelago^ 
compete the series of this class of insular land. 

The principal islands belon^g to the second or oceanic f|[ronp are, the 
Friendly, the Society, the Marquesas, the Sandwich, and other groups in the 
South Faciiic ; the Uanary Islands, the detached islands in tihe £idian Ocean, 
the Galapagos, and, generally, the multitudinous group of single Tolcanie 
islands in yarious parte of the world ; and also the grouus of coral islands, 
[niese form two groups, distinguished by their origin, ana generally not less 
distinct by their yertical eleyation. 

Perhaps, the general plan and nature of these different kinds of islands 
will be best understood if we consider them as due in the first case {coaA- 
nental islands) to the slow eleyation or depression of large masses of land on 
a linear axis, oy the tilting up of one edge of a plane. The other two cases 
are also understood, if we consider the one as resulting from the local dera- 
tion of certain small areas on a point of upheayal, and the other as the conse- 
quence of slow depression of areas of broKcn land without Inuoh tilting, and 
while circumstances were fayourable for the rapid increase of growth of marine 
animals. 

The facts connected with the actual horizontal configuration of the land 
are perhaps more important in Physical Geography than has often been 
thought, and the eyidences deriyed from the obseryations on island distribu- 
tion are not the least remarkable. The lines already alluded to, one extend- 
ing from New Lreluid to the New Hebrides, and the other to ^e Sandwich 
Islands, each range north-west, with perfect parallelism, for 2000 miles, at a 
distance of 3500 miles apart, and indeed tnis same direction (north-west) 
obtains to a greater or less extent through the world, not only in islands, but 
in those higher eleyations aboye the mean leyel which come under the deno- 
mination of mountain chains. The phenomena connected with these we shall 
describe presently. 

52 Inequalities of the Bwrface of Land»^^Not only is it the case that the 
land, whether continental or insular, ofiers yarious peculiarities of horizontal 
configuration, but each mass of land also presents some distinct features of 
inequality of leyel. Occasionally, but yery rarely, large tracts may be 
obseryed extending in eyeiy direction, at nearly the same leyel, and remoyed 
but little aboye the surrounding water. Much more frequently there occur 
undulations in eyery extensiye area, and also difierent degrees of absolute 
eleyation aboye a mean leyel. Such yarieties produce the phenomena 
which are described under the names of plains or tahle lands, and these are 
rent asunder by yalleys and gorges, or pierced through by mountain chains, 
and broken into pictiuresque forms of hill and dale. 

These general inequalities of surface are exhibited in their most typical 
and characteristic form in those districts where their details can be studied, 
and their origin therefore be made the subject of speculation; but they are 
often mingled together with more or less of indistinctness, and thus their 
true characters become concealed or lost. It is only in large tracts of land 
that they are seen in all their grandeur : in islands and smiul parts of conti- 
nents, where more than one preyails, the great force of the phenomenon is 
not appreciated. 

There is much mutual relation amongst these yarieties of yertical profile, 
and also much reference in all of them to the structural pecuharities of the 
Earth's surface. Thus, they require careful consideration, and the difierent 
facts that haye been recorded concerning them, possess direct interest^ not 
only as affording examples of the physic^ outline of our globe, but also in 
their bearing on those conditions which afiect man as its chief inhabitant. 

53 Low Plains and Steppes in JEurope and Western Asia. — ^A yery large 
quantity of the land is distriouted as low plains near the sea leyel, and often 
not far from a coast line. These occasionally present hills of moderate alti- 
tude, in most cases not reducible to any general system. Sometimes these 
hills are long wayes or undulations, and .often perfectly uniform in structure 
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for many miles. Under the name o£ plains, are designated the k»w flat lands 
of Northern Grermany and Russia, and of Lombardy ; the flats of Tartary are 
ealled stejyes; those ooeapying the central parts of Northern Africa are 
deserts; those in. the nortnem part of Southern America, silvtu, or forest 
deserts ; those of other parts of South America, llanos and pampas ; and those 
of North America, prairies, or sa/oamnaks. Many are the j^cuharities of these 
districts, but they haTe in common the important physical feature of wide 
extent, uniform general leyel, and small elevation above the sea. 

These tracts of flat land may be considered as including several distinct 
areas. In the northern part of^the Old World they are traceable firom the 
shores of the Grerman Ocean, through Holland and North Prussia into 
Bussia, tiience into Siberia, and so at intervals, only broken by low eleva- 
tions, to the coast of the Pacific in Behring's Straits. Within these limits, 
Ihey occupy an area of not less than four and a half millions of square miles, 
and while on the one side Holland would be overflowed by the sea if it were 
not for its dykes, so on the other, near Astrakan, the plams sink still lower, 
and the country around the Oaapian Sea and the Sea of Aral, forms a vast 
carity of 160,000 square miles, all considerably below the bed of the ocean : the 
surface of the Caspian Sea itself, at the lowest point, being depressed 348 feet. 

Towards the eastern extremity of Europe, the great plains assume the 
peculiar character of a desert, consisting of level wastes destitute of trees. 
These steppes begin at the river Dnieper, and extend along the shores of the 
Bkck Sea, inclucQng all the country norUi and east of the Caspian and Inde- 
pendent Tartary, and passing between the Altai and Ural mountains, occu- 
pying all the low lands of Siberia. Hundreds of leagues may be traversed 
eastwards from the Dnieper without variation of scene, and a dead level of thin 
bat luxuriant pasture, bounded only by the horizon, fatigues the eye of the 
traveller day aflber day by the same unbroken monotony. So long as the 
vegetation remains, horses and cattie beyond number give animation to the 
scene, but winter c<»ne8 on in October, and the whole area then becomes a 
trackless field of spotless snow. Fearful storms rage, and the dry snow is 
driven by the gale with a violence which neither man nor animal can resist, 
while the sky remains clear, and the sun shines cold and bright above. The 
summer's sun is as severe in its consequences in these wild regions as the 
winter's cold. In June, the steppes are parched, no shower falls, nor does a 
drop of dew refresh the thirsty earth ; the sun rises and sets like a globe of 
ftre, and during the day is obscured bj a thick mist. Thus, in some seasons, 
the drought is excessive, and the air is then filled with dust and impalpable 
powder, the springs become dry, and the cattle perish in thousands. Death 
triumphs over animal and vegetable nature, and desolation tracks the scene 
to the utmost verge of the horizon. 

Of the whole extent of these plains, a very wide ranse is hopelessly barren ; 
the country from the Caucasus,* along the shores of we Black and Caspian 
Seas (a dead flat, twice the size of the British islands) being desert, and 
destitute of fresh water, while between the Caspian Sea and the Lake of Aral, 
there is, for the most part, an ocean of shifting sands, often driven by appal- 
ling whirlwinds. 

The Siberian or Asiatic portion of the great northern tract of low land in 
the Old World, occupies more than seven millions of square miles, and is 
rarely visited except along its outer boundary. Parts of the tract are occupied 
by a rich black mould, covered with grass and trees, but other and larger 
portions are hopelessly and desolately barren. 

To the lowlands belong almost the whole of Northern Asia to the north- 
west of the volcanic chain of the Thian-schan ; the steppes to the north of 
the Altai and of the Sayan chain ; the countries which extend from the moun- 
tains of Bolor, or Bulyt-Tagh, (* cloud mountains,' in the Uigurian dialect,) 
which follow a north and south direction, and from the Upper Oxus, whose 
sources were found by the Buddhistic pilgrims, Hiuen-thsang and Song-yun, 
in 518 and 629, by Marco Polo in 1277, and by Lieutenant Wood in 1838 ; 
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in the Pamer Lake, Sir-i-kol, (Lake Yictoria,) towards the Caspian ; and fixna 
Tenghir, or the Balkhasch Lake, through the Kirghis Steppe, towards the 
Sea of Aral and the southern extremity of the Ural mountains. As compared 
with high plains of 6000 to 10,000 feet above the level of the sea, it may well 
be permitted to use the expression of ' lowlands,' for flats of little more than 
200 to 1200 feet of elevation. If the word plateau, so often misemployed in 
modem works on geography, is to have its use extended to elevations which 
hardly present any sensible difference in climate and vegetation, the indefi- 
niteness of the only relatively significant denominations of highlands and 
lowlands, will deprive physical geo^aphy of the means of expressing the 
idea of the connexion between elevation and climate, between the prome or 
relief of the ground and the decrease of temperature. Humboldt, to whom 
we are indebted for the above information on this subject, remarks, ' When I 
found myself in Chinese Dzungarei, between the l)oundary of Siberia and 
Lake Dsaisang, at an equal distuice firom the Icy Sea and from the month of 
the Ganges, Imight well consider mvself in Central Asia. The barometer, 
however, soon taught me that the plains through which the Upper Irtysdi 
flows are hardly more than from 800 to 1200 feet above the sea. !Purther to 
the east, the Lake Baikal is 1420 feet above the sea.'* 

The low lands on the south-side of the great back-bone of mountains, 
running east and west through the Old Wond, are of very diflerent kinds, 
in some respects, from those a&eady described. Tbey exhibit a more tropical 
character, and are strikingly contrasted in their dinerent parts, — either ridbi 
in all the exuberance that neat, moisture, and soil can produce ; or covered 
by wastes of barren and burning sands : — some of them being in the most 
advanced state of cultivation, ana others in the wildest garb of nature. 

The Great Desert of Northern Afiica forms, perhaps, the most striking 
example of one of these conditions. The alluvial plains of China contrast 
this perfectly, and are paralleled in some respects by the vast and rich low 
tracts near tne mouth and lower valley of the Ganges and Brahmapootra, and 
the plains of Hindostan. The latter are rich and highly cultivated, ofiering 
little that is extraordinary beyond the fact of their wide extent. The former, 
or desert lands, require more detailed notice. 

54 The Sahara, or great African Desert, occupies the central part of 
Northern Africa, reaching from the rocky country confining the Nile valley 
to the very shores of the Atlantic. Its lengtli is upwards of 2500 miles, and 
its greatest breadth 1200 miles. Its area has been stated te amount to two 
ana a half millions of square miles, and it runs out inte the Atlantic, beings 
continued by extensive sand-banks far beyond the coast. 

For the most part, the tract is level and low, but is broken occasionally bj 
steny ridges, more than one of which crosses it in 15^ E. long., and by the 
presence of a little clay these admit of vegetation. The desert is thus divided * 
inte an eastern and western part — ^the eastern, or Lybian Desert, being the 
smaller, and the most favoured. For the most part, its surface is not covered 
with sand, but formed of hard horizontally bedded sandstene rock, perfectly 
smooth and level. At intervab, small spots occur watered by sprmgs and 
enlivened by the presence of vegetation. These are generalhr depressions 
below the surface, and are called Oases. The largest is nearly a nundred 
miles long, and from one te fifteen miles wide, but the others are much 
smaller. 

The western portion of the Sahara contains some narrow tracts along its 
northern border, adapted te cultivation, but the rest of the district is almost 
entirely unfit for any kind of agricultural or horticultural employment. The 
soil is sometimes of fine sand, on which low ridges appear like the waves of 
an agitated sea, but in other places it is much hEO'der, and more gravelly — 
though still perfectly and hopelessly barren. In several spots, beds of salt 
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occur, tliree of which are known and have been described, and there are also 
brine springs, and thick incrustations of salt on the ground, produced by 
evaporation. 

On these Interminable sands and rocks no animal — ^not even an insect — 
breaks the dread silence, nor is a tree or a shrub to be distinguished during 
days of incessant travel. In the glare of noon, the air quivers with the heat 
reflected from the red sand, and the night is chilly, under the clear sky 
sparkling with its host of stars. In these plains the traveller is frequently 
deceived by the deceptive appearance of water produced by mirage. 

55 Silvas of the Amazons. — The plains of America differ distinctly from 
those of the Old World, and are known under various names, each referring 
to some physical peculiarity. Commencing with the northern or tropical 
part of South America, we find there a range of low land covered with 
forest, (thence called Silvas y) occupying more tnan a million of square nules, 
and drained by the most gigantic river on the Earth, the Amazons. This 
tract is so subject to inundations, that probably not less than 200,000 
square miles are annually laid under water, but the whole is covered with 
exceedingly thick wood, rendered perfectly impenetrable by brushwood and 
innumerable creepers. The amount of rain falling during the year, the 
intense heat of a tropical climate, and an inconceivably rich soil, here 

Cduce an exuberance of vegetable and animal life, which actually offers a 
to civilization, not less effectual than the gloomy sterility of the African 
deserts. The native Indians seem irredeemable, and sunk in the most 
wretched barbarism, and there appears no prospect whatever of any im- 
provement in the district, since man can find no spot on which to commence 
his operations. 

^0 Llanos. — These are tropical plains, situated chiefly on the left bank 
of tne river Orinoco, and they are continuations northwards of the forest 
plains of the Amazons. Their area amounts to near 350,000 square miles, or 
about twice the extent of France, and although a small portion forming the 
delta of the Orinoco is wooded, the remainder of the whole region is entirely 
destitute of trees. 

One portion of these plains, the Llanos ^tos, rise gradually from the 
banks of the river, but so 'gently that the rise is imperceptible to the eye, 
amounting only to an elevation of five hundred feet in a distance of more 
than one hundred miles. At this point flat low banks arise, elevated only 
five or six feet, but extending at a dead level for about thirty or forty miles, 
and forming a water shed. On the other side, the plains descend towards 
the Caribbean Sea, somewhat more rapidly than to the south, but still 
impercejjtibly. The summit forms a very low table-land, consisting of sand 
'mixed with calcareous rock, and is barren, with the exception of a few hardy 
grasses, the rain that falls not forming into pools and fertilizing the land, 
but sinking into the sand to some beds of impermeable argillaceous rocks, 
and then running off in springs or rivulets to the plains below. 

The larger and more level portion of the Llanos lies along the base of the 
roclgr elevations, which commence the chain of the Andes, and extend from 
9° N, lat. to the equator. These, though further from the ocean, are much 
lower than the Llanos Altos, the lowest portions being only two hundred and 
twenty-four feet above the sea, (from which they are distant five hundred 
miles,) and rising to the south and west to the height of five hundred feet. 
These plains are so nearly level, that the currents of two rivers in their lower 
eourse are imperceptible, and the waters flow back towards the sources, when 
the wind blows strongly in that direction, or when the Orinoco, to which they 
are tributaries, becomes swollen. In these plains, no rock, no stone, not even 
a pebble is seen ; there are no inequalities, except some low hills of sand, 
rising a few yards above the common level, and some slightly elevated 
grounds, having an area of one hundred square miles or more, which can only 
be discovered by a practised eye, and whose surface is completely flat. The 
soil is a mixture of sand and calcareous rock, with some mould. Grass grows 
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ertrerywhere, but there are no trees, or eren bnshes, except a few isolated 
palm-trees, at great distances from each other, and some bnsnes on the banks 
of thfr rivers. 

57 Pampas, — ^The Pampas are treeless plains, which extend firom 22° S. 
lat. to the most southern limits of the American continent, occupying a total 
length of two thousand miles. The breadth, throughout this yast £stanoe, 
is very various, rarelv however less than two hundred and forty miles, and 
between latitudes 26^ and 38° amounting to nearly double that. The area, 
estimated roughly, is about 750,000 square miles, or nearly four times the 
whole extent of fVance. 

There is necessarily great difference in climate, and also in the nature of 
the surface and the vegetable productions, in plains extending thus through 
thirty de^ees of latitude, (one-sixth of the halfgreat circle from pole to pole.) 
The southern portion is called the Pampas of Patagonia, and present the 
appearance of a niunber of step-like terraces, running north and south, each 
sughtly rising to the south, generally very sterile, but occasionally clad with 
verdure. The surface is diversified by huge boulders, tufts of brown grass, 
low bushes armed with spines, brine lakes, white snowlike incrustations of 
salt, and black lava platforms like plains of iron. The plains are, here and 
there, intersected by a ravine or a stream, but the waters do not fertilize the 
soil. The transition from heat to cold is rapid and extreme, and piercing 
winds rush in hurricanes across the district. Towards the north, the Pampas 
of Buenos Ayres are separated from those of Patagonia by several ridges of 
table-land, and present an extensive surface of ground, not without irre- 
gularities, though these are too slight to be denominated hills. A large 
portion of the southern part of this district is occupied by swamps and fens 
abounding in lagoons and wide-spreading salines ; one of the swamps or 
lagoons alone (that of Ybera) occupyingone thousand square miles, and being 
entirely covered by aquatic plants. These swamps are greatly swollen by 
the annual floods of the rivers, which inundate the Pampas, destroying vast 
numbers of cattle, but leaving behind thick beds of fertilizing mud. 

Beyond the river Salado, the face of.the country changes, the swamps 
ceasing, and being succeeded by very slightly undulating and dry plains, 
covered with luxuriant ^ass, and occasionally by thistles eight or ten feet 
high, used as friel. Furtner to the west, there occurs an extensive pastoral, 
and also an agricultural district, separated by a line drawn on the meridian of 
66° W. long., the pastoral district being to the east. The surface of the 
latter is almost everywhere a dead level, but large shallow salt lakes occur in 
ve^ small depressions, one of them being fifty miles long and twenty miles 
wide. The soil is good, consisting of a dark friable moul(C without a pebble : 
no trees occur, and there are no permanent water-courses. The district 
affords admirable feeding ground for horses and cattle, which were introduced 
by the Spaniards, and have replaced the llamas, the indigenous ruminating 

guadrupeds of the -country. It is calculated, that there are a million m 
omed cattle, and three millions of horses fed on these plains. 
The western or agricultural district is less level than the pastoral ; the 
soil, consisting of loose sand impregnated with saline matter, being entirely 
unfitted for me growth of grass, afihough when irrigated it is exceedingly 
fertile, and particularly adapted for the growth of fi^t-trees. This tract is 
succeeded to the north by a salt desert, consisting of a wide plain, extending 
about 200 miles from east to west, and 140 miles northward, which is levd 
and smooth as a floor, and snow-white with superficial salt, stretching its 
treeless and shrubless wastes on all sides to the horizon, unbroken by any 
object save a few stunted, straggUng, and leafless bushes. Throughout the 
whole district no grass grows, and mere is a great scarcity of water. Bain 
has been known not to fall for eighteen months, and dews are entirely 
unknown. 

58 Savannahs, or Prairies, — ^The prairies, or, as they are sometimes 
called, savannahs, are vast tracts of plain country of inconsiderable elevatiiHii 
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oeenpying the central part of North America, estimated by Humboldt to 
amount to nearly two and a half millions of square miles, and extremely 
varied in climate, in character, and in productions. They have been diyided 
into three classes — 1. The heathy or bushy ; 2. The dry or rolling, generaUy 
destitute of all vegetation but grass, and by far the most conmion and exten- 
me; and 3. The alluyial or wet prairie, al)Ounding in pools, and the frequent 
resort of the wapiti and other deer, and of wild horses. 

The yast savannahs on the banks of the Mississippi are covered with long 
grass ; and in the southern districts, as well as on uie banks of streams, are 
occasionally clothed wiith trees, but these are rare exceptions to the general 
monotony. A salt efflorescence is often exhibited on their surface, and they 
frequently possess a deep rich soil. 

Many of the plains of North America are covered by forest vegetation, 
bnt this lias been greatly cleared in the United States, as the white man has 
adyanced. The forests are not throughout of the same character ; sometimes 
consisting of a rich variety of magninoent trees, while over many hundreds of 
square miles there extend vast monotonous tracts of sand, domed only witii 
gigantic mnes, and characteristically denominated pine-barrens. 

59 Miak Plains, TahU'Lands, or Plateaux of the Old World.'^A. very 
considerable portion of the dry land upon the globe consists of land extena- 
ing for great distance at a considerabk elevation above the sea. Such hmd 
oSen presents a greatly varied surface, and is ffenerally connected with 
important mountain chams. An exami>le of such table-land in Europe is seen 
m the central plateau of Spain, consisting of a tract of nearly 100,000 square 
miles, elevated from 2000 to SOOO feet above the sea, and nearly surrounded 
by mountains. Other plateaux of enormously greater dimensions, occur in 
other parts of the world. 

This table-land of Spain is varied by mountain ridges, (sierras,) some of 
them of considerable height. There is a want of cultivation in many parts, 
owing to the small quantity of rain that falls ; and the whole area may be 
described as monotonous and naked, although com and wine are produced in 
abundance in some places, while others serve for pasture. This table-land is 
more fertile on the IPortuguese side. 

The high land of Spam is continued, though at a much lower elevation, 
through the South of fVance, but chiefly by hill and low mountain ranges. 
The table form being rather characteristic of the eastern than the western 
portion of the great continent, first begins to exhibit the peculiar and striking 
features of such tracts in the Balkan range of mountains, which rises very 
abruptly from the shores of the Adriatic, and is everjrwhere rent by deep 
and tremendous fissures, transverse to the principal direction of the hign 
land. 

From this point an elevated plateau is continued, with few intervals, 
across Asia, as far as the Pacific Ocean ; its breadth gradually expanding till 
it amounts to 2000 miles. It is interrupted in some places by loiw mountain 
chains, and its altitude varies ^atiy, but is throughout considerable. 

The western portion of this vast tract forms the table-land of Persia, and 
extends from the shores of Asia Minor, nearly to the right bank of the Indus. 
It occupies an area of 1,700,000 square miles, and is generally 4000 feet above 
the sea, but in some places rises to 7000 feet. The eastern portion is very 
much larger, (amounting to 7,600,000 square mOes,) and in some places 
attains an elevation of 17,000 feet. 

It must not be imderstood that these high lands present generally an 
absolute level, or resemble in this respect the steppes, aeserts, or savannahs, 
already described. They are often bounded by mountain ranges, and the 
highest mountains of the world rise out of them. They occasionally also 
euiibit in their wide extent many mountain features. 

Among the westernmost portions of the great Asiatic table-land may be 
observed the cold, treeless plains of Armenia, 7000 feet above the sea, and 
1^ great salt desert, and adjacent sandy deserts of Irak and Kermau, in 
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Persia. Throughoat tkis wide area, there is scaree any caltiyation, the brick- 
red sand being drifted about by the wind into wave-like hills, or the soil being 
covered with a thick efflorescence of common salt and nitre. 

The oriental plateau of Thibet is separated from that of Persia by a spur of 
the Himalayans, and from the plains of Hindostan by the main chain of the 
Himalayans, rising in some places to the height of 28,000 feet. The Altai 
mountams separate the district from Asiatic Siberia, while on the east they 
are closed in oy the almost unknown mountain chains of western China. The 
height of this vast plateau above the sea varies from about 4000 feet in the 
northern portion to as much as 15,000, or even in some places 17,000 feet 
near the Mimalayans, and the district is traversed by three moimtain ranges. 

A ])lateau of considerable, but very unequal elevation, having the names 
of Gobi, Scha-mo, (sand desert,) Scha-no, (sand river,) and Hanhai, runs in a 
S.S.W., N.N.E. direction, with little interruption, from Eastern Thibet 
towards the mountam knot of Kentei, to the south of Lake Baikal. This 
swelling of the groimd is -prohsMj anterior to the elevation of the mountain 
chains oy which it is intersected ; it is situated, as already remarked, between 
79° and 116° longitude from Paris, 81° and 118° east from Greenwich, 
Measured at right angles to its longitudinal axis, its breadth is, in the soutii, 
between Ladak, Gertop, and Hlassa, the seat of the great Lama, 720 
geographical miles; between Kami, in the Celestial Mountains, and the 
great bend of the Hoang-ho, near the In-schan chain, hardly 480 ; and ia the 
north, between the Slhan^gai, where the great city of £arakhorum once 
stood, and the chain of IQiin-gan-Petscha, which runs north and south in. the 
part of the Gobi traversed in travelling from £iachta, by IJrga, to Pekin, 760 
geographical miles. The whole extent of this swelling ground, which must be 
carefully distinguished from the far more elevated mountain range to the 
east, may be approximately estimated, taking its inflexions into account, at 
about three times the area of France. 

No portion of the so-called Desert of Gobi (parts of which contain fine 
pastures,) has been so thoroughlv explored in respect to differences of eleva- 
tion, as the zone of nearly 600 geographical miles in breadth, between 
the sources of the Selenga and the Great Wall of China, and it has been 
determined that the mean height does not amount to more than about 4000 
feet, instead of double that elevation, as was at one time supposed. It 
appears also that Thibet is not at all an unbroken plain, or table-land, but a 
district intersected hj mountain groups, belonging to distinct systems of 
elevation, and contaimng but few plains, while the loftiest of them are not 
more than 13,340 feet above the sea level, and the mean elevation of the 
plateau is not more than 11,510 feet.* 

Table-land is not unfre(mently characteristic of islands as well as conti- 
nents, and on the coast of Europe the Faro Islands, situated due west from 
Norway, exhibit this feature, nsmg at once 2000 feet, and presenting nearly 
the same elevation over a great p2U*t of the group. The north-western part 
of Scotland and the central portion of Ireland idso, partake of similar character^ 
but the elevation is not so considerable. 

Africa exhibits moderately elevated table-land, over the whole, or nearly 
the whole of its southern portion, but the greater part of that continent is as 
yet unexplored by white men. North of the Cape of Good Hope, the land 
rises to about 6000 feet, and the continent has recently been crossed by 
Dr. Smith, on the tropic of Capricorn, and by some native travelling mer- 
chants about 12i° further north. At the Cape, the breadth is about 700 
miles, and in the last-mentioned latitude about 1600 miles, and within these 
limits the table-land appears imbroken by any lofty range of mountains, 
although frequently rent oy precipitous, deep ravines. 

The southern portion of Africa is somewhat better known, and presents 
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gome lofty plains, projecting' into the lower flat ground, like promontoriee. 
One of these terminates with the Table Mountain, at the Gape of Good 
Hope. 

60 Table'Zcmds of America, — The table-lands and plateaux in the New 
World are not so extensive as in the old, but a wide and lofty tract occupies the 

freater part of Mexico, extending also to California. It begins at the Istnmus of 
ehuantepec and reaches northwards for 1600 miles, expanding towards the 
north to a breadth of about 360 miles. The most easterly^ part of this plain 
IB 7500 feet above the sea, and it rises towards the west till it becomes 9000 
feet high in Mexico, whence it diminishes gradually to 4000 feet. In California 
it is alxmt 6000 feet above the sea. It is throughout torn by narrow, deep 
cavities, and the descent to the low lands is on all sides (but especially the 
east,) exceedingly precipitous. 

South America is not without table-lands of some importance, though 
more remarkable for great altitude than extent. One of the most extraor- 
dioarv, that of Desaguardero, has an absolute altitude of 13,000 feet. Its 
breadth varies from 30 to 60 miles, and it stretches 600 miles along the top 
of the Andes. The whole area includes 160,000 square miles, ana presents 
a considerable variety of surface. The city of Potosi stands on this plam, 
at an elevation of 13,360 feet, and lofty mountains rise on each side of it. 

The table-land of Quito is another remarkable instance of extensive high 
ground. It is 200 miles long and 30 nules wide, at an elevation of 10,000 feet 
and is bounded by a range of the grandest volcanoes in the world. Mexico also 
affords extensive plains several thousand feet above the sea, and in North 
America the great plains gradually rise towards the north and west tiU they 
assume the character of pmteaux. 

Of these plains some portions are generally fertile, but very large tracts 
afford no traces of natural vegetation, and offer little promise. In some cases, 
rain is exceedingly rare. 

61 Mountain Systems of the -Emot^A. — The most elevated portion of the 
Earth's crust consists either of lofty ranges exhibiting a serrated or saw-like 
summit of jagged edges, rising directly from plains; of elevated ridges 
flanking table-Lmds; of ridges suDordinate in height, having, notwithstanding, 
import^t physical characters; or of isolated peaks, or cones, not connected 
by intervening high ground. It is important to understand the term 
'mountain chain' as being independent either of absolute or relative height 
either above the sea level, or with respect to adjacent plains, for there may 
be ridges of very low elevation which are in the strict sense mountains, 
and there are, on the other hand, many ranges of hills which are properly so 
called, although far more lofty than many mountain chains,* the mountain 
character not depending on absolute height above a fixed level, but rather 
on distinct physical features. Mountain chains also may and do extend 
&r out to sea beyond their prominent and lofty ridges, and in this and many 
other ways are nighly important and very distinct features of the Earth, 
greatly anecting its condition as the habitation of organic beings. 

Strictly speaking, there are but two great systems of mountains on the 
globe, one in each great continent, although there may also be traced a 
multitude of others, some parallel to, and some making angles with, the 
principal directions. The mountain chain of the Old WorM, or Eastern 
Continent, has its main axis running east-north-east and west-south-west, 
whUe that of \ke New, or Western Continent, is north-north-west and 
south-south-east. The length of the former is about 9000 miles, and that 
of the latter 10,000 miles. The one rises in its highest part to not less than 
28,000 feet, while the other nowhere attains a greater elevation than about 



* It is also important to remember that a mountain range is not neoessarilj a water-shed, 
aor does a water-shed require mountain country. 
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25,250 feet. The height of the elevated land thus bears some general pro- 
portion to the whole mass of land above the sea level. 

There are certain features common to all mountain chains, vrhich it may 
be well to consider before passing to the partiealar ranges themselves. Thev 
are rarely simple, but consist of distinct and often short ridges of high 
groimd, running in the same direction, and nearly parallel to each other, 
rising at intervals to culminating peaks by the union of several convergent 
or n^iating ridges. They exhibit also from time to time narrow transverse 
branches, or spurs, often of very great altitude, and forming, in fact, trans- 
verse mountain chains, which stretch far into the plains beyond. 

The two sides of great mountain chains generaUy differ much in the rate 
at which they are incGned to the horizon, the one side being much more pre- 
cipitous than the other. In the mountain chain of the Old World, for 
example, the southern side is generally scarped, and the northern side sloped, 
while in the Andes, the western side descends almost precipitously to the 
Pacific, while toward* the Atlimtic the slope is comparatively sW. 

The mass of land, as measured by the relative elevation of different 
portions above the sea, has been made the groundwork of calculations whose 
object is to determine the mean height of various continental and other areas, 
and an enumeration of the effect of the various parts on the whole, as 
exhibited in the way of adding to the mean elevation, is one means of 
ascertaining the relative importance of mountain chains and other elevated 
districts. 

The position of the mean height of all the solid parts of the Earth's crust 
above the sea, has been estimated by Humboldt at ahonp 1000 feet ; that of 
all Europe, 671 feet ; of Asia, 1132 feet ; of South America, 1151 feet ; and 
of JN'orth America only 748 feet. 

The effect of tiie plateau of Spain on all Europe, measured in this way, is 
estimated at 36 feet, while that of the whole chain of the Alps is only 20 leet. 
In Asia, the great central plains are estimated to contnbute 120 feet of 
elevation. These results are, of course, only approximate. 

62 The Geiteral Connexion of the Mountains of the Old World. — The 
great mountain system of the eastern hemisphere may now be described a 
uttle more in detail. Commencing with the western boundary of land at the 
Atlantic, we find the Atlas chain in Airica, the central Spanish mountains and 
the Pyrenees in Europe, nearly parallel to each other, and each connected with 
very lofty ranges ^irther east, but all at length uniting and forming the 
commencement of the great Asiatic range, of wnich the Himalayan chain is 
the central and loftiest portion. 

The Atlas range is lof^, com|)licated, and important, and forms a broad 
belt, having three principal divisions, which occupy the whole interval 
between the Sahara and the Mediterranean. The loftiest portion is the most 
inland, and forms, in Morocco, a mountain knot 15,000 feet high; the other 
portions are less elevated. The crest of the range is composed of granite and 
crystalline rocks, but the flanks are of stratified deposits of newer date. 

The Spanish peninsula is almost entirely occupied by the table-land already 
described, and parallel ridges of serrated mountain peaks, terminated north- 
wards by the Pyrenees 5 the latter being a chain of considerable elevation, the 
mean height of whosesummit line is about 7000 feet. On the whole, this western 
extremity of the great mountain system of the Old World is remarkable for 
Its great breadth and for the way in which it projects into the Atluitic, 
rather than for its altitude above the sea level. 

The Pyrenees are continued eastwards at first by inconsiderable elevations 
and low table-lands, but these soon connect themselves with the western 
extremity of the Alps, whence the ground ascends rapidly by successive chains 
of mountains, commencing with the lofty range of which Mont Blanc and 
Monte Hosa are culminating points, extending through the various ranges of 
the Oberland, the Tyrolese, the Julian, the None, and other Alps, into the 
Balkan, and stretching southwards by very important spurs, of which the 
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Apennines and the mountains of Dahnatia are the most considerable, but of 
woich other traces are also seen in the islands of Sardinia and Corsica. 

The subsidiary ranges, whether parallel to or diverging from the principal 
chain of the Alps, include between tnem a somewhat extensive tract of low 
ground, and also a certain amount of higher table-land, but the position of the 
mountain chains, and their height above the sea, are the only points to which 
we now refer. These mountain chains consist, not only of those already men- 
tioned, but also of the Jura (a somewhat transverse cnain, subsidiary to the 
Alps,) and the Carpathians, which, turning southwards, partly complete the 
range towards the east, and partly connect the European mountain system' 
with that of Asia. This communication is effected by the elevated land of 
the Crimea, conducting the Carpathians to the Caucasus ; by the Balkan, 
passing into Asia Minor ; by the moimtains called Anti-Taurus ; and also by 
the Taurus chain, which, by distant though appreciable links in Sicily, Crete, 
and Grreece, connects the south Spanish mountain ridges with those of Asia 
Minor. In this way there appear to be in the European system three prin- 
cipal and nearly parallel ranges, the northern one being the loftiest. There are 
also several important subsidiary ranges, and one principal transverse range, 
that of the Scandinavian chain, running north ana south, but of considerable 
altitude compared with the Alps and other lofty mountain chains. There are 
four principfd and parallel chains that intersect the interior of Asia, following 
with toleraole regiuarity an east and west direction, and connected by trans- 
yerse elevations at a few detached points : these are the Altai, the Thian- 
schan, the £uen-lin, and the Himalaya. There are also four or mbre running 
north and south, of which the Ural, the Bolor, and the Khingan, are three, 
and the fourth is Chinese. 

63 General Outline of the Mowntain Chains of the New l^^W.—- The 
mountain systems of the western continent are fewer, more simple, and more 
readily traced than those of Europe, Asia, and Africa. The mass of land 
being much longer in proportion to its area, and the outline of the land on 
the whole less broken, no doubt contribute to this, but the comparative sim- 
plicity of geological structure is not without an important bearing on this 
condition. 

The Rocky Mountains, which begin on the shores of the Arctic Ocean, 
nearly under the 70th parallel, commence the American system, and connect 
it by islands with that of Asia. They continue south-eastwards in an 
unbroken line, separated only by the plains near the north end of the Gulf of 
California, from tne high plateau of Mexico. These lands, themselves very 
lofty, support also some high ridges and peaks, occupying the country as far 
as the Istjumis of Panama, where hills of^low elevation, piercing through low 
plains, intervene before the commencement of the Andes. 

The Andes. — This great chain may be considered as commencing with 
the plains of Mexico, at the point where the Eocky Mountain system ceases 
to be traceable, and passing through the narrow strip of land wluch separates 
the two Americas by means of the volcanic range of Guatemala. The chain 
enters South America at the Isthmus of Panama, and continues in a steady 
and almost unbroken line of high elevation, forming successively the Andes of 
Colombia and Quito, of Peru and Bolivia, of Chile, and of Patagonia, sinking 
down into the ocean beyond the southern extremity of Tierra del Fuego, after 
having traversed the wnole continent from north to south, a distance of 4500 
miles. 

The general character of the Andes is that of a number of parallel moun- 
tain chains of great elevation and small breadth, often uniting into knots, and 
often containing between them plains of vast elevation and considerable 
extent ; but this character is not seen so strikingly in the southern as in the 
northern portion of the coimtry, so that for 2000 miles, or from Cape Hoom to 
the parallel of 20° south, the chain is single, narrow, and uniform. 

Besides the main and continuous chams of the Eocky Mountains and the 
Andes, there are also in North America the Alleghanies, or Appalachian 
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chain, and in South America those of Ghiiana and Brazil, which appear to be 
independent ; besides that of Venezuela, which is an eastern branch or spur 
of the principal range of the Andes. 

The Appalachian, or Alleshany Mountains, consist of a series of low 
undulations of nearly uniform eleyation and parallel to each other, rarely more 
than 3000 or 4000 feet high, extending under various names in a north- 
easterly direction, from about 35° norm latitude to the mouth of the St. 
Lawrence and the coast of Labrador. The eastern range is known, in its 
course northwards, under the names of the Blue, the Catskill, and the Green 
Mountains, respectively. The breadth of the range is generally from 100 to 
150 miles. 

As subsidiary mountains of South America we must mention here the 
great system of Parime and that of Brazil. The former of these is a group 
of not less than seven chains of low mountain elevations, rising generally to a 
moderate height above the plain (which is 2000 feet above the sea), but having 
some much loftier elevations, of which an inaccessible peak, Mount Marivaca 
(10,500 feet high), is the most remarkable. The Brazilian mountains, so far 
as they are known, consist of ranges running north-east and south- west, of 
which the highest peaks rarely attain to the neight of 6000 feet, and which 
average only from two to three thousand. 

Between the two Americas, and in the line of the principal islands known 
as the Great Antilles (Cuba, St. Domingo, and Porto Bico), there is an im- 
portant mountain system, running west-north-west and east-north-east, 
parallel to a similar range of less elevation, rising above the sea only in 
Jamaica. Of these, the mountains of Cuba rise to the height of 8000 feet, and 
those of St. Domingo to 9000 feet, while the elevations in Porto Bico are less 
considerable. The Jamaica mountains form a very sharp east and west ridge, 
running across the island at an elevation of from 5000 to 6000 feet, while some 
of the transverse spurs are as much as 7000 feet high. 

64 Mountain Systems of Australasia, — It now only remains to describe in 
a few words the chief physical peculiarities exhibited m the mountain systems 
of the vast group of islands in Australasia. Australia itself, the chief mass <^ 
land in this district, exhibits apparently the same characters of table-land that 
are presented in AMca ; where the extent of the land is large, the elevation 
tolerably uniform, and the coasts little broken into deep and narrow inlets. 
In other words, it presents sudden and precipitous mountain ranges towards 
the coast, which are not repeated inland, but slope gradually towards the 
interior. Thus, in New Soutn Wales generally, and especially in the souths 
eastern part of this district, there is a north and south moimtam range, whidb 
seems to be situate about 100 miles from the shore, and which rises to a 
height varying from 3000 to 6000 feet and upwards. In South Australia thero 
is a similar range near Adelaide traced for some distance. The mountain 
systems in other parts of the Archipelago are little known, except that in New 
Zealand there is a range nearly parallel with that of New South Wales. 

In addition to the great mountain systems traceable for considerable 
distances on the Earth's surface, there are in many places detached mountains, 
or groups of mountains, chiefly volcanic, either rismg directly &om the sea, 
or from extensive flat and often elevated plains. These being all connected 
with that reaction of the interior of the Earth on its exterior, which it will be 
convenient to consider imder a distinct head., are for the present neglected in 
the account we have given of the plan of arrangement of those distinct moun- 
tain ^oups, which project in ridges above the general surface of the Earth's 
crust in a given district, whether that surface be above or below the level of 
the sea. 
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CHAPTER V. 
HYDEOLOGY. 

9 65. General phenomena of the ocean. — 66. Action of the wind on the ocean. — 67. The tides. — 
€8. The Atlantic Ocean. — 69. The Pacific Ocean. — 70. The Indian Ocean.— 71. The Arctic 
Ocean.— 73. Marine currents. — 78. Wliirlpools. — Calms. — 74. Inland salt seas. Bays, and 
golfs. — 75. Springs. — 76. Blrer basins. — 77. Biyer systems of the Atlantic group. — 
78. Biyer systems of inland seas of the Atlantic. ^79. Biyers of the Asiatic system. •» 
80. Biyer systems of the Pacific Ocean. — 81. Biyer qrstems of the Indian Ocean. — 83. Biyers 
not communicating with the ocean. 

/GENERAL Phenomefui of the Ocean, — ^The principal part of the water on 
{JT the globe occupies large depressions on the solid simace, known under 
the name of Oceans. These are connected together by comparatively narrow 
passages, and are therefore really united, forming one wide and continuous 
expanse of sea. The different parts are, notwithstanding, known by distinct 
names, the most important being the Atlantic, Pacific, Indian, and Arctic 
Oceans. There are also some internal seas, or lakes, of considerable extent, as 
the Mediterranean, the Baltic, and others, which are almost entirely enclosed 
by land, and are filled with salt water, besides the great gulfs and bays of 
jNorth America, and others better known, but far less extensive in Europe. 

It appears by calculation, that the actual surface of the globe being reckoned 
at about 197,000,000 square British statute miles, as much as 146,000,000 
square miles are covered by the waters of the ocean. It appears further, that 
out of about ninety millions of square miles of surface in the South half of 
the torrid zone and the South temperate zone together (the space between 
tie equator and the Antarctic circle), nearly seventy-seven millions of square 
miles (almost seven-eighths) are water, while in the North temperate zone, 
the quantity of land is nearly equal to that of water. It is, therefore, evident 
that a great irregularity prevails in the distribution of land, and no reason 
has been suggested why this particular arrangement, rather than any other, 
has resulted. One consequence of this distribution of the water will be seen 
when we consider the phenomena of the tidal wave. 

The depth of the ocean varies exceedingly, and its bed is broken, like the 
surface of the land, into plateaux, forming shoals, and ranges of mountains as 
well as isolated mountains, appearing above the surface in islands, and groups 
of islands. The structure also of me land is often continued into the sea, 
beyond the extremities of continents, as in the Agulhas bank beyond the 
south extremity of Africa, and also the islands of Tierra del Fuego. In 
other cases, there is a rapid and very complete termination of the high 
ground on the coast in the course of a very small distance. Many parts of 
me ocean have been fathomed, but in some places a line, whose length 
nearly equals the elevation of the loftiest peaks of the Himalayan chain, has 
failed to reach the bottom. Around our own coast the depth is very variable, 
not amounting to one hundred feet over great part of the German Ocean, 
while towards Norway, where the shore is bold, the depth is more than 
five thousand feet at a very short distance from the coast. The deep water 
commences also at a short distance from the shores of Ireland. 

The ocean, over all parts of the Earth, contains a certain proportion of 
salt, which is not the same, however, for different seas, and even varies in 
different seasons and at various depths. The proportion is generally about 
three or four per cent., but is larger in the southern than the northern 
hemisphere, and in the Atlantic than the Pacific. The greatest proportion iA 
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the Pacific is in latitude 22° N. and 170^ S. of the equator, and the smallest 
is in the Polar Seas, where the saltness is affectea by the melting of the 
Polar ice. The surface is often less salt than the deeper jparts of the sea, 
owing to the flowing into the ocean of large quantities of fresh water from 
rivers. In this case, the fresh water being lighter, floats on the surface for 
a long distance before becoming thoroughly mixed. Deep seas are generally 
more sahne than those that are shallow, and inland seas tnan the open ocean, 
but this is not invariably the case, as it depends on the proportion that the 
river-water flowing into the sea bears to the evaporation n*om its sur£Eice, 
and also partly to the influx of salt water. Thus, the Mediterranean, espe- 
daily in Qie Jeeper parte, is much more salt than the open sea, but the Baltio 
IS much less so. 

The temperature of the water is generally diflerent from that of the 
atmosphere above it, and is greatly aflected by depth and local circumstanoes. 
The temperature of deep water is constant, and m most parts of the ocean, 
within tne temperate and torrid zones, is much lower than that of the 
surface.* The temperature diminishes, however, very irregularly in different 
seas, being so unequal, that one degree of the thermometer (Fahrenheit) 
answers sometimes to seven, and at other times to fourteen, fathoms depth^ 
and even more. Still it has been considered, that in general the temperature 
decreases six times as rapidly in the sea as in the atmosphere, and thus we 
much sooner arrive at tne stratum of invariable temperature (a limit which 
corresponds to ' the snow line' in ascending into the atmosphere). Under the 
equator this stratum is at the depth of 12(>) fathoms — ^thence it rises towards 
the surface, and reaches it in the southern hemisphere (where the water is 
most open) in latitude 56° 26', and then gradually descends again to latitude 
70°, where it is 4500 feet below the surface. The temperature in the latitude 
mentioned is 39° 5' at all depths. At the equator, the water at the surface is 
at 80° Fahrenheit, and therefore much above that of the stratum of inva- 
riable temperature ; but at the pole, on the other hand, the water is much 
colder at the surface than at the depth mentioned above. Submarine currents 
setting from the pole to the equator, returning at a higher level to the pole, 
are concerned in the production of this condition. 

66 Action of Wind on the Ocean. — The sea is constantly undergoing a 
certain amount of movement, produced by various causes, some of^which, 
and these among the most remarkable, are external, to our planet, although 
producing results upon it of the greatest possible importance. Others are 
connected with the mere surface action of the atmosphere when disturbed, 
and moving rapidly over the water, striking it at an angle. These results, 
producing what are called wind and storm waves, have been well described 
m a recent work on Physical Geography bv Mrs. Somerville, and as she has 
expressed in a few words all the most striling phenomena on this subject at 
present known, we cannot do better than borrow her words : — 

' Eaised by the moon and modified by the sun in the e(}uatorial seas, the 
central area of the two oceans is occupied by a great tidal wave, which 
osciQates continuallv, keeping time with the returns of the moon, having its 
motion kept up by ner attraction acting at each return. 

* The mction of the wind, however, combines with the tides in agitating 
the surface of the ocean, and, according to the theory of undulations, eacn 
produces its effect independently of the other ; wind, however, not only 
raises waves, but causes a transfer of superficial water also. Attraction 
between the particles of air and water, as well as the pressure of the atmo- 
sphere, brings its lower stratum into adhesive contact with the surface of the 
sea. If the motion of the wind be parallel to the surface, there will still be 



* This, however, is not everywhere the case, for HumboMt observed, in crossing ttom 
Goranna to Ferrol, that the surface water varied from b4^^ to 56° Fahrenheit, while the deep 
water was 59^^ to 59^°. and the atmosphere 56°. 
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friction, but the water will be smooth as a mirror ; but if it be inelined, in 
howeyer small a de^e, a ripple will appear. This friction raises a minute 
waye, whose eleyation protects the water beyond it from the wind, which 
conseqnently impinges on the surface at a small anjgle : thus, each impulse 
combining with the other, produces an undulation which continually advances. 
[diose beautifdl silyery streaks on the surface of a tranquil sea, called cats- 
paws by sailors, are owing to partial deriation of the wind from a horizontal 
direction. The resistance or the water increases with the strength and 
inclination of ^e wind. The agitation at first extends little below the 
surface, but, in long-continued gues, even the deep water is troubled ; the 
billows rise higher and higher ; and as the surface of the sea is driyen before 
ihe wind, their ' monstrous heads,' impelled beyond the x>erpendicular, faU 
in wreathes of foam. Sometimes seyeral waves overtake one another, and 
form a sublime and awM sea. 

' The highest waves known are those which occur during a north-west 
gale off the Cape of (rood Hope, aptly called the Cape of Storms by ancient 
rortngnese navigators; and Cape Hoom seems to be tne abode of the tempest. 
The sublimity of the scene, umted to the threatened danger, naturally leads 
to an over-estimate of the magnitude of the waves, which appear to rise 
mountains high, as they are proverbially said to do. There is, however, 
reason to doubt if the highest waves on* the Cape of Gh>od Hope exceed 
forty feet from the hollow trough to the summit. They are said to rise 
twenty feet off Australia, and su^en feet in the Mediterranean. The waves 
are snort and abrupt in small shallow seas, and on that account are more 
dangerous than the long rolling billows of the wide ocean. The undulation, 
called a ground-swell, occasioned by the continuance of a heavy gale, is 
totally different from the tossing of the billows, which are confined to the 
area vexed by the wind, whereas the ground-swell is rapidly transmitted 
thronffh the ocean to regions far beyond the direct influence ot the gale that 
raisea it, and it continues to heave the smooth and glassy surface of the 
deep long after the wind and the billows are at rest. A swell frequently 
comes from a quarter in direct opposition to the wind, and sometimes from 
various points of the compass at the same time, producing a vast commotion 
even in a dead calm, without ruffling the surface. Waves are the heralds that 
point out to the mariner the distant region where the tempest has howled, and 
they are not imfrequently the harbinger of its approach. 

* In addition to the other dangers from polar ice, there is always a swell 
at its margin. Heavy swells are propagated through the ocean, till they 
gradually subside from the friction of the water, or till the undulation is 
checked by the resistance of land, when they roU in surf to the shore, or dash 
in spray and foam over rocks. The rollers at the Cape de Verde Islands are 
seen at a great distance, approaching like mountains. When a gale is added 
to a ground swell, the commotion is great, and the force of the surge 
tremendous, tossing huge masses of rock, and shaking the cliffs to their founda- 
tion. The violence of the tempest is sometimes so intense as to quell the 
billows and blow the water out of the sea, driving it in a heavy shower, called 
spoon-drift by sailors. On such occasions, saline particles have impregnated 
the air to the distance of fifty miles inland. The effect of a gale descends to 
a comparatively small distance below the surface ; the sea is probably tranquil 
at the depth of 200 or 300 feet : were it not so, the water would be turbid and 
shell-fish would be destroyed. Anything that diminishes the friction of the wind 
smoothes the surface of the sea : for example, oil, or a small stream of packed 
ice, which suppresses even a swell. When the air is moist, its attraction for 
water is diminished, and, consequently, so is the friction ; hence the sea is not 
so rough in rainy as in dry weather.** 

67 The Tides, — We have abeady mentioned the fact of the existence of 
a great tidal wave oscillating continually, and produced by the periodical 



• Somcrvillc's Physical Geography, 1st edition, p. 2S9. 
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mOTements of our satellite the moon. If €he Earth pvesaited a tmifenn 
fflobe, with a belt of sea of ereat and unifonxi depth enciieling it round the 
equator, this ware would be perfeoUy le^nkr and unif onn. fke sun cany* 
ing with it one such ware, and the moon another, there would be four tides, 
so modified, however, as to produce two principal ones compounded of the 
four. The actual case is, howerer, ver^ Afferent from this imaginaiy condi. 
Uon, so that the heights oi suooessire tides Tarj, indeed, in some proportLon 
to the way they would do in the simmer case, but the direction of motion 
and the state of high water are exceedingly yarious. It is very difficult to 
form an adequate notion of tidal phenom^uh, without elaborate tidal charis, 
the materials for which have only \feen. partially accumulated ; but we may 
by description giye some idea of the true case. Looking at a globe or map of 
the worl^ we observe no uniform belt of sea round the equator ; but on the 
contrary, the great continents cross the equator at nearly ri^ht angles, the 
Atlantic Ocean remaining as a comparatively narrow basin, whJle the Padfie 
is fi^eatly intercepted by coral reefs, islands, and sunken continents. In point 
of fact, the great reservoir of water in which regular tidal action occurs, is not 
only in the southern hemisphere, but nearer the Antarctic cirde than the 
equator. The source of the tides is therefore to be sought in the expanse of 
sea occurring within the south temperate zone, where the great central 
agitation seems to commence, and whence on all sides it appears to flow 
northwards. The Atlantic thus receives from the south its great wave of 
tide, which gradually becomes a curve, whose convexity is more and more 
northwards, until after passing the tropic of Cancer, the advance of the wave 
is so greatly retarded on the coast by the narrowness of the channel, that a 
portion of it has reached the latitude of the southern extremity of Greenland 
by the time that another portion has scarcely passed Cape Blanco on the 
African coast, and Cuba in the West Indies. The great wave of tide passing 
northwards, in this narrow channel, thus forms an enormous stream tide on 
the shores of Britain and I^orth America, but it has, by this time, become so 
complicated, that it is difficult to trace its relations with the moderate and 
regular undulation produced originally by the attraction of the moon. So 
also in the Pacific, tne tide is so checked oy the sub-marine irregularities of 
surface, that for a considerable part of that vast ocean, there is scarcely any 
wave of the kind exhibited. In the Indian Ocean, on the other hand, the 
tide wave, little interrupted by such causes, makes its way in an irregular 
curve to the shores of India, and there divided by the pyramidal form of the 
peninsula of Hindostan, one portion proceeds up the Bay of Bengal, and the 
other towards the Persian Gulf; the former having no escape, and not dis- 
sipated by irregularities in the form of the land, gradually increases in height 
as the baj narrows, and finally reaches the mouth of tne Ganges, where it 
expends its force on the shores in the form of the well known and terrific bore 
of the Hooghly. In point of fact, therefore, the tides, although formed 
entirely by the attraction of the sun and moon, by no means foUow the 
apparent course of those bodies after their original genesis. After the wave 
has once entered the canal of the Atlantic, it moves continuously northwards, 
with very various velocity, but at first at the rate of nearly a thousand miles 
per hour. In the first twenty-four hours, it has brought high water to Cape 
Blanco on the west of Africa, and Newfoundland on the American continent. 
In the morning of the second day, this great wave having been driven east- 
wards, reaches the western coast of Ireland and England. Passing round the 
northern Cape of Scotland, it reaches Aberdeen at noon, travelling in pre* 
cisely the opposite direction to that of its first progress, and also opposite that 
of the sun and moon. Still proceeding onwards, at midnight of^ the second 
day, it reaches the mouth of the Thames, and on the morninff of the third 
day brings the merchandise of the world to the port of London. It thus 
takes more time to reach London from Aberdeen than to pass over an arc of 
120°, (8000 miles,) between 60° south latitude and 60° north. The velocity 
of the progress of this wave is greatest where the water is deepest, and where 
the configuration of the shores offers the fewest obstacles. 
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68 7^ AtianHe Ocean, — ^We must now consider thoee phenomena that 
aie peculiar to the different parts of the mat Ocean. The Atlantic, although 
its boundaries are not completely marked by nature, is yet perfectly distinct 
and easily described. It is that area of water occupying the space between 
the western shores of the Old and the eastern shores of uie New World, and 
reaching from the Arctic circle to the icy shores of the Antarctic land. The 
limit to east and west beyond the land of the two continents to sonthward (in 
latitude 34^ and 55° S. respectively,) is considered to be a continuation of tiie 
meridian of longitude of the Cape of GkK>d Hope and Cape Hoom, (20P E. and 
70^ W. from Greenwich). This ocean, includmg its inland seas, covers about 
thirtv millions of square (British statute) miles. 

Extending thus for nearly 140 degrees of latitude, the breadth of the 
^Atlantic will be seen to be comparatively small. The two continents which 
'form its shores approach nearest one another between Greenland and 
Norway, in latitude 69° — 71°, and are there only 800 miles apart. Widening 
ffradoally, but then a^ain contracting, the breadth about 5° S. of the equator, 
between Brazil and Sierra Leone, in Africa, is still only 1600 miles. At 30^ 
N. latitude, where its breadth is greatest, (between Florida and the coast of 
AMca,) the width is 3600 miles. 

The elongated valley form of this ocean long since attracted the attention of 
Humboldt, who observed that not only do the projections and protube- 
rances of one coast correspond with recesses on the other, but that the 
natiu^ of the mountains and plains also corresponds. This is chiefly the case 
with regard to Africa on the east, and the northern part of South America on 
the west. There are few mountains in the bed of the Atlantic, or, at least, 
few that show themselves as islands above its surface. The principal of these 
form vdcanic islands and groups, and, except those in the northern part and 
the West Indian group, are placed near the shores of Africa, and are 
probably the last indications westward of the great mountain system crossing 
the Old World. 

The depth of the Atlantic is in some parts very considerable. In latitude 
27° 26' S., longitude 17° 29' W., it was sounded by Sir James Eoss, and 
found to be 14,550 feet ; 450 miles west of the Cape of Good Hope it was 
16,062 feet, (332 feet more than the height of Mont Blanc ;) while m latitude 
15° 3' S., and longitude 23° 14' W., a line of 27,600 feet failed to reach the 
bottom. 

The form of the land on the northern shores of the Atlantic is worthy of 
notice, having a tendency to linear extension, not only in the several islands 
of Nova Zembla, Spitzbergen, and Greenland, but also the main land of 
Norway, which is split as it were into shreds by deep inlets {^ords), 
Scotland exhibits, in its northern and western islands, a similar peculiarity of 
form. The shores of thiB ocean are also very deeply indented by large seas, 
of which the Baltic and the Mediterranean are the most remarkaole. 

In consequence of the contorted and complicated line which the shores 
make, the length of coast enclosing the Atlantic is very considerable, and 
is indeed much more so than that of the Pacific, notwithstanding the far 
greater magnitude of the latter ocean. The eastern coast line of the Atlantic 
IS 32,000 miles in length, and the western, or American, 23,000 miles, making 
a total of 55,000 miles. 

The Atlantic receives the rivers of a certain portion of the land enclosing 
it, and the area of each river basin includes /all that land the water of which 
naturally flows into the river. In Europe and Africa, there are no rivers of 
first-rate magnitude emptying themselves directiy into the Atlantic, since the 
Rhine, the largest of them, has a course of only 700 miles, while the Nile, 
the Danube, the Dnieper, the Rhone, and others, run into the Mediterra- 
nean, the Volga into the Caspian, and the Elbe and Oder into the Baltic. 
On the American side numerous gigantic rivers pour directly into the 
Atlantic a vast body of water, draining almost the whole of the New World. 

There are several exceedingly important currents in the Atlantic, but 
these wiU be best considered afler we nave described the phenomena of the 
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Pacific and Indian Ocean. The winds of the Atlantic have been alreadj the 
subject of some notice in speaking of atmospheric influences. 

A very extensive area of the Atlantic, extending from 19° to 36° "N. lati- 
tude and from 30° W. longitude to the Bahama Islands, (occupying in aU 
360,000 square miles,) is covered at intervals with a species of marine plant* 
(fucus natans,) called sometimes the sargasso, or gutf-weed. The quantity 
of marine vegetation, and consequently of animal li/e, in this vast range, 
especially in two principal fields near the termination of the Gulf Stream, and 
where two portions of the stream meet, is truly astonishing. The real 
origin of this accumulation is not known, but in its results it is sufficiently 
interesting, as it affords food and shelter to a mxdtitude of marine animals. 
The Atlantic Ocean is divided by geographers into two portions— one north, 
the other south of the equator, and called, therefore, respectively the North 
and South Atlantic Ocean, lliere is no natural division corresponding to 
this artificial arrangement. 

69 Pacific Ocean. — The Pacific Ocean covers more than half the 
surface of the globe, and its area may be roughly estimated at ninety 
millions of square miles, occupying the space between the shores of America 
on the one side, and the coasts of Asia and Australia on the other. Ita 
northern boundary is Behring*s Straits, which, between East Cape, in Asia, 
and Cape Prince of Wales, is not so much as forty miles wide; but from this 
point the coasts rapidly diverge, and at 54° SO' N. latitude, between the 
peninsula of Alashka and Kamtschatka, are more than 1200 miles apart. 
Continuing to diverge, the breadth from California to the coast of China, 
on the tropic of Cancer, is 8500 miles ; and this remains pretty constant as 
far as the south tropic, where the distance from Sand Cape in Australia to 
the coast of Chile is 8200 miles. Towards the southern extremity, tbe limits 
of the Pacific are understood to be the meridians of longitude passing 
through Cape Hoom and South West Cape, in Tasmania, and the ocean 
terminates, as the Atlantic does, at the icy shores of the Antarctic land. 

The Asiatic border of the Pacific is fringed in a very remarkable manner 
with islands, almost enclosing a range of seas, or small basins, which corre- 
spond with and replace the deep inland seas of the Atlantic. Long peninsulas 
also project from the main land, and these, as well as the islands, (and the 
coast itself where they do not occur,) are dotted at intervals with active 
volcanoes, of which a very large proportion of the whole number known on 
the globe are there placed. Although, however, the Asiatic and North 
American coasts are much broken, the South American is for the most part 
bold and rocky. The total length of the coast line, including that of the whole 
Indian Ocean, is estimated at 47,000 miles, about 8000 miles less than that of 
the Atlantic. 

WhUe the south-western and western portions of the Pacific are so thickly 
strewn with islands that the number of them is not at aU known, even approxi- 
matehr, the eastern, northern, and southern portions are singularly free from 
islands, the sea for fifty degrees of lon^tude west of the American coast 
(exceeding very greatly the whole Atlantic in extent,) having only one group of 
any importance, (the Galapagos,) and that extremely small. Of the island 
district, which extends chiefly between the tropics, and reaches from the west 
boundary of the ocean to lon^tude 135° W., there are two principal group, 
the one consisting of flat, low islands, in groups more or less connected with 
sunk coral reefs, oflen of great depth, and the other of high and volcanic 
islands, occasionally surrounded with a fringe of shallow coral. A space extend- 
ing more than 1000 nules in length and 600 in breadth, south of New Guinea, 
and between the north-eastern coast of Australia and the New Hebrides 
group, is remarkable for the innumerable multitude of coral reefs, islands, and 
banks it encloses, and this may possibly be the last remains of a sunken 
continent, of which the eastern part of Australia, New Guinea, and other 
islands formed a part, but which nas now almost entirely disappeared over a 
large portion of its area. The Pacific woxdd appear to possess a depth 
corresponding in some degree to its vast area. 
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70 Indian Ocean. — Tbat portion of the great ocean which extends 
southwards from Asia to the Antarctic Circle, and eastwuds from Africa to 
Australia, thus occupying the interval between the Atlantic and Pacific, is 
called the Indian Ocean. Including the Bed Sea, Persian Gulf, Bay of 
Bengal, &c., it occupies an area of about 23,000,000 of square miles, and is 
thus nearly as large as the Atlantic itself. It mcludes several very large and 
important islands, as Madagascar, Borneo, Sumatra, Java, Ceylon, &c., and 
some important systems of islands, and it receives the dndnage of several of 
the principal river-basins of Asia, as the Ganges, Brahmapootra, Indus, 
and Euphrates. The chief points of interest connected with tnis ocean have 
reference to its currents. 

71 Arctic Ocean, — The tract of sea within the Arctic Circle, bounded by 
the northern coasts of Europe, Asia, and America, includes an area of about 
3,000,000 of square miles, and is caJled the Arctic Ocean, or Icy Sea. It is 
connected with the Pacific by Behring's Straits, and with the Atlantic by the 
vide strait between Grreenland and Norway. The corresponding tract of 
ocean at the opposite pole is called the Antsurctic Ocean, and is estimated to 
occnpy about 2,000,000 square miles. Its exact limits Imve not been very 
accurately determined, as the ice extends much frurther from the south than 
it does from the north pole. 

72 MariTie Currents, — The water of the sea is not only constantly kept 
in motion by the attraction of the sun and moon, producing the tidal waves, 
and by occasional disturbances the result of winds, but there are also large 
bodies of water, as well in closed seas as in the open ocean; which are con- 
tinually moving onwards in a fixed and constant direction, some of them 
denending on causes not less permanent than the globe itself, and others, 
although originated bvthe form of land and local influences, remaining constant 
for periods of time tar longer than any records of man can reach. There 
are also periodical currents of greater and less importance. 

Of these various currents, some are merely superficial, slow in their motion, 
easily turned aside by natural obstacles, sucn as sand-banks, projecting head- 
knds, &c., and resulting generally from constant winds ; others are deep, 
broad, and sometimes even rapid ; their temperature is different from that of 
the ocean through which thev make their way, and they proceed like rivers 
through a great continent, Keeping a course which sometimes extends for 
thousands of miles. The former are called drift currents, the latter 
stream currents. The most important of the stream currents are those 
which occur in the Atlantic, or, at least, it may be considered that, as these 
are best known and most affect navigation, they require the most extended 
notice. Many of these currents, however, conmienoe in other seas, and 
thus connect the waters of different parts of the great ocean. Thus, 
the Gulf Stream, perhaps the most important of all, must be regarded as 
originating in the Indian Ocean or even m the Pacific, and the Arctic currents 
bring ice and cold water far into the Atlantic from the Arctic Ocean. 
Omitting, for the present, those currents which have their origin in the waters 
which pour into the sea from the great rivers of the Earth, we will consider 
now the principal marine currents in their relation with one another. 

Commencing in the northern part of the Bay of Bengal, a current sets 
southwards for some distance, and passing round the soum of Ceylon, turns 
westwards to near the coast of Africa. This current, however, depends upon 
the monsoon, being a northerly current during the south-west monsoon, from 
Pebruary to October, and southerly during the rest of the year. Between 
Madagascar and the mainland of Africa there sets another current, which, 
under the name of the Mozambique Owrrent, continues close along the African 
coast in a south-westerly direction during the whole year. A little farther 
south it becomes a true southerly current, having near the coast a mean 
velocity of from 18 to 20 miles per day, which at some seasons is greatly 
exceeded, a case having been known of a snip drifted by this current 139 miles 
in 21 hours, a velocity only paralleled in the maximum of the Gulf Stream. 
Near Algoa Bay, and off the Agulhas Bank, this cuiTent passes into the Cape 
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Current, which is fonned, indeed, of its jtmction with the cnrrents from the 
eeas south of Madagascar. A part of the Cape Current is deflected by the 
Agulhas Bank, and passes round b^ the Cape of Gt>od Hope into the aouth 
Atlantie Current, but the main portion turns southwards in latitude 21^ to 24^, 
and then, passing eastwards, forms an important coxmter-current, mJYing with 
Hie South Atlantic Counter Current, 

The Gape Current is from 90 to 100 miles broad, and m different parts of 
its course nbws at the rate of from 60 to 100 miles per day. Outside the 
Aigulhas Bank the temperature has been observed to be about 80° above that 
oi the ocean. The counter current running eastward has a breadth of from 
200 to 240 miles, and a velocity of 50 miles per day. 

The South Atlantic Current is a continuation of the Cape Current towards 
the north and north-west, along the coast of Africa. In latitude 10° south it 
has ceased to be traceable at the surface, and then commences the Main 
JEquatorial Current, This important part of the stream currents of the 
Atlantic may be distinctiy recognised off the coast of Africa, a little south of the 
equator. It runs nearly on the equator, and parallel with another (the 
Guinea Current), which terminates a little to the north, near the mouth of 
the Niger ; and for a distance of more than 1000 miles these two currents 
exhibit the remarkable phenomenon of parallel streams in contact with each 
other, flowing with great velocity in opposite directions, and having a differ- 
ence of temperature of 10° or 12°. The Main Equatorial Current proceeds 
on both sides of the equator to 22° west longitude, and then sends off the 
North-west BraiUih Current, and, declining to the south, runs parallel with 
the coast of South America beyond the &opic of Capricorn. At Cape St. 
Soque, however, a jjortion of tne stream runs parallel to the northern coast 
of South America, tUl it disappears near the mouth of the Amazons, being 
covered and crossed by the volume of fresh water proceeding from that river. 
TTie north-west brancn of this current flows at first north-westwards, and 
afterwards towards the north, till, in about 30° north latitude, it merges in a 
drift current ; its breadth varies from 200 to 300 miles. The length of the . 
Main Equatorial Current, measured from the coast of Africa to its termination 
near the Caribbean Sea, is about 4000 miles; and that of the Brazil Current, 
its southern portion on the coast of America, is nearly 1000 miles ; its breadth 
at the commencement is about 160 miles, at about 5° west longitude it has 
increased to 360 miles, and at the point of separation of the north-west branch 
amounts to 450 miles. The mean velocity of the whole course of the current 
may be reckoned at 36 miles per day, but between 10° and 16° west longitude 
in the summer season, it varies m)m 44 to 78 miles, and has even beeii 
recorded at 90 miles per day. The velocity of the north-west branch is much 
less, commencing at from 20 to 24 miles per day, and gradually diminishing. 
Throughout its course to the Caribbean Sea this is a cold current, the average 
temperature beinp from 4° to 6° below that of the ocean ; its northern portion 
passes into what is called the Guiana Current, which extends about 600 miles, 
with a velocity varying from 10 to 36 miles per day. This current enters the 
Caribbean Sea, and is there lost sight of. 

In addition to the currents already described, and uniting them between 
the Cape of Good Hope and the coast of Brazil, is the Southern Connecting 
Current, which is but little known, and flows chiefly to eastward about 150 
miles south of the Cape of Good Hope, into the Indian Ocean. We have seen 
thus that a great body of water proceeds across the Atlantic from east to west, 
spreading out northwards and southwards as it approaches the great barrier 
of land presented by the continent of America. The form of this land, the 
vast recesses ot the Caribbean Sea and the Gulf of Mexico, separated from 
the main ocean by the chain of the West Indian islands and the peninsula of 
Florida, conceal the further progress of these currents. But an important 
and very considerable current has been traced, setting round the Campeche 
Bank into the Gulf of Mexico, and assisted by the river current of the Missis- 
sippi passing out into the Atlantic between Florida and Cuba. Bunning 
witnin the JBahama Bank, the water thus issuing into the open ocean con- 
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tinnes parallel with the coast of North Americai till it meets the St. G-eorge 
and Nantucket banks, when its course is directed eastward. After passing 
the southern extremity of the bank of Newfoundland, it continues in the 
same direction to about 38° west longitude, between 35° and 43° north lati- 
tude, and at this point it turns to south-east and south, and, passing the 
westernmost of the Azores, is soon afterwards lost in the Atlantic. This 
remarkable and important stream*eurrent is well known under the name 
of the Gulf Stream, It extends on the whole upwards of 3000 nules, and 
occupies 78 days in its progress, thus averaging a daily rate of 38 miles, 
bat the velocity varies greatly, amounting to 120 miles per day at the 
end of the Gulf of Florida, and not more than 10 miles per day in 
the vicinity of the Azores. The maximum temperature of the stream 
is in the strait of Florida, and is then 86° or 89°, considerably above 
that of the ocean in the same latitude ; 10° farther north, it is still as 
much as 84°; and, although both temperature and velocity decrease as the stream 
progresses, the temperature remains constantly very much above that of the 
ocean outside the current. It is the influence of this stream upon climate 
that renders the British islands green and fertile, while the shores of 
Labrador in the same latitude, or the shores of America, are fast bound in the 
fetters of ice ; its influence is not therefore confined to the line of its direct 
course, but is felt along the shores of Europe even as far north as Spitz- 
bergen. The Gulf Stream must be considered to terminate, as we have said, 
in about the 25th meridian of west longitude, but two other currents are 
traceable on the western coast of the Old World ; one called ItenneVs Current, 
commencing near Cape Finisterre, running northward alon^ the coast of 
Spain, and thence along the west coast of France. After crossmg the English 
and IriBh channels, and the south coast of Ireland, this current enters the open 
ocean, and joins the other, or North African Current, which runs first south- 
wards, following the coast of AMca, but then, continuing parallel with the 
shores of that continent, it turns eastwards, and forms that remarkable con- 
trast to the Equatorial Current already alluded to. Bennel's Current has a 
velocity of about a mile an hour, in certain winds, and the North A^can 
Current about half that velocity in the northern part of its course, but after- 
wards a rate of as much as 50 miles per day. 

The remaining Atlantic currents are two, the Arctic Current, and that 
which, passing round Cape Hoom, may be regarded as an Antarctic Current, 
The former is understood to originate in the ice which surrounds the North 
Pole ; it sets south- westwards, from between Iceland and Greenland, and 
arriving at Newfoundland, divides into two branches, the main stream passilig 
between the great and outer bank of Newfoundland into the Gulf Stream, ana 
afterwards again dividing, one portion flowing southwards to the Caribbean 
Sea, while the other forms the United States Counter Current, which extends 
between the Gulf Stream and the coast to Cape Hatteras and Florida ; this 
current conveys southwards enormous masses of ice, bringing with them 
immense quantities of stone and earth, which are sometimes stranded in shallows 
or on banks, and sometimes,melting gradually, pass down into low latitudes, and 
temper the heat or chill the air of uiose countries along whose shores they pass* 
The Cape JSoom Current is an easterly current alon^ the southern extremity 
of America and the Falkland Islands, out it has origmally proceeded from the 
Antarctic Polar Sea, and thus brings with it very large quantities of drifted 
ice. Its velocity appears to vary very greatly, from 12 to about 56 miles per 
day, and it probably mixes with the waters of the southern connecting current. 

The currents of the Pacific Ocean are not so well known as those of the 
Atlantic, nor do they appear to be by any means so considerable or so important 
in navigation. The most interestmg is that which, commencing as a drift 
current from the Antarctic Pole, near the newly discovered Victoria Land, 
becomes a coast current of cold water between latitude 40° and 50° south, 
and then runs northwards along the western coast of South America, lowering 
the temperature of the land, and apparently producing an eflect exactly the 
converse of that which the Gulf Stream produces on the coast of Europe. At 
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the surface this current is slow, often not amounting to more than a third of a 
mile per hour ; but at the depth of from 12 to 15 fathoms it is more considerable 
and in the same direction. In some part of its course this current rons atl^e 
rate of 14 to 18 miles per day, and it is traceable along[ the coast from Val- 
paraiso almost to the equator, when it tarns westwards mto the open ocean of 
the Pacific, but remams sensibly affecting the temperature to a distance 
of several thousand miles ; the £fference m temperature between the cur- 
rent and the mean annual temperature of the atmosphere is throughout 
considerable. 

73 W%irlpooh, — Calms. — ^Whirlpools are produced by opposinpf tides, 
winds, or currents, but the former most generally. They arerare m all seas, and 
not by any means so destructive now as they seem to have been in ancient 
times, when the principles of navigation were less understood. 

Although the greater part of the ocean is disturbed constantly by these 
various causes, there are not wanting very extensive areas, especially within 
the tropics, and far from land, when dead calms prevail, and the sea remaing 
for days in a state of unruffled stillness. The low flat tidal wave is then so 
large, and so regular in its heaving, that it seems lost, and thus an appear- 
ance of peiiect quiet is presented. 

74 Inland Salt Seas. — Bays and Ghd/s.^Alihovigh. we have already had 
occasion to allude to those deep inlets of the sea that occur in various parts 
of the world and form inland seas, it is still necessary to refer to them again 
in some little detail, to give an idea of their comparative dimensions and 
importance. 

Of the inland seas connected with the Atlantic, the Mediterranean is the 
largest and the most beautiful. It occupies 960,000 square miles, but is 
nearly divided into two seas by the projecting land of Italy, continued by 
shallows to the opposite coast of A&ica. The temperature of the water is 
higher by 10° or 12 than that of the Atlantic, and the evaporation is exces- 
sive. It is one consequence of this and of the comparative smallness of the 
river drainage emptying itself in the Mediterranean, that its waters are as much 
as four times as salt as the ocean. Many parts are exceedingly deep. 

The Baltic is a long narrow inland sea, occupjring about 200,000 square 
miles in the centre of northern Europe, and receiving the drainage of more 
than a fifth of the whole continent. Its depth nowhere exceeds 115 &thonis, 
and is generally not more than forty to fifly fathoms. It is one-fifth less salt 
than the ocean. 

The Black Sea, the Sea of Azof, the Casnian, and the Aral, together 
form one depression, which is only partly fillea with salt water. The whole 
area of water in the two former lakes is near 250,000 square miles, and in 
the Caspian 180,000 square miles. The waters are brackish; the depth, 
especially of the Caspian, is considerable, but decreases towards the shores 
graduaUy, and in terraces. 

Baffin's Bay, twice the size of the Baltic, and Hudson's Bay, also of vast 
dimensions, penetrate the North American continent at Davis' Straits, while 
the Gulf of Mexico, occupying 800,000 square miles, and the Caribbean Sea, 
whose area is more than amimon and a quarter miles, are still more extensive 
indentations nearer the equator, shut in by islands, and resembling in this 
respect the Yellow Sea, the China Sea, and the Sea of Japan, on the east coast 
of Asia. 

75 Springs, — ^A glance at the distribution of water upon the Earth will 
show that there are two very distinct parts of the subject, one of which we 
have already considered — ^namely, the phenomena of the great mass of salt 
water formmg the ocean and its branches, — ^whUe the other, relating to fresh 
water, still remains to be considered. This second group of phenomena is 
also twofold, including the sources whence the fresh water upon the Earth is 
derived, and also the brooks, streams, and rivers which convey the water across 
the land, and pour it into the sea. Lakes of fresh water, and other accumula- 
tions dependent on the form of land, also require some consideration. 

The first commencement of running water upon the Earth's surface is 
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generallj from springs, which issue occasionallj from hill sides, sometimes from 
crevices in the Eaixh of no great magnitude, but sufficient to allow of the 
oat-pK)uring of a large body of water, and sometimes from large natural 
cavities in very considerable quantities. However little these different 
sources may seem to have reference to the rain falling on the surface of the 
Earth in their vicinity, they are, in fact, with veij few and unimportant excep- 
tions, thus derived. It is onl^ a part of the ram that runs on direcMy from 
the surface into streams and rivers, and thus manifestly swells their magni- 
tude; and although no doubt this quantity is increased by that portion 
wMch, falling as snow, and collected on mountain-tons in the colder parts of 
the year, is gradually melted in the warmer seasons, there still remains a very 
large proportion. A portion of this again is soon received into the atmo- 
sphere by evaporation, but a very considerable quantity sinks down within 
tue crust of Earth, and is conveyed along underground, re-appearing in the 
springs already alluded to. The absolute quantity of rain falling upon the 
Earth is, as has been already stated (see ante, p. 210), exceedingly great, and 
that portion of it which runs off to the sea oj means of rivers in the west 
of Europe, is supposed not to exceed one-third, although doubtless very 
much ^eater in chmates where the rain falls more heavily. The proportion 
that smks beneath the surface, and re-appears at a distance, must also be 
large, so that, on the whole, the actual circulation of fresh water upon 
the globe, evaporated from the ocean, conveyed through the air in clouds, 
and fallinj? upon the land as rain, is important, not only as affecting the 
fertility of the Earth, and its adaptability as a habitation for organic beings, 
bnt also absolutely in its effect upon the physical features of the Earth. This 
latter subject will require careful consideration in a separate chapter. 

76 jSiver Basins. — It will be at once evident that so far as nvers depend 
for their supplies on the direct accessions they obtain from surface water, the 
whole area of the land may be divided into districts, each of which, in con- 
seauence of the form of the enclosing high ground, convejs all the water that 
falls upon that district, either into a depression within its area forming 
& hkke, or into a channel which conducts the water to the ocean. The whole 
Earth may thus be divided into ocean beds and river basins. Almost all the 
ronning waters or rivers of the globe of considerable importance, commu- 
nicate directly or iudirectly with the ocean, sometimes, indeed, passing through 
and being apparently lost in lakes, but ultimately flowing mto that grand 
receptacle wnich has supplied the water, and which must again receive it. 
This is not, however, invariably the case, and thus we have oceanic and 
continental systems of river basins. These are both so important that we 
must now proceed to consider them in some detail. 

It is a well known fact, frequently determined by actual experiment, that 
A much larger quantity of rain, cceteris paribus, falls on hills and high plains 
than on the lower plains, and hence it arises that the high table-lands and 
mountains of eveiy district are even more directly concerned in the natural 
dnunage than might at first be supposed, uid thus it also results that the water- 
shed, or that line along high ground which determines the ultimate direction 
of the rain that falls, is an important element in such considerations as 
those we are now entering upon. If we look upon a map of the world, or a 
good globe, we find there must be natural divisions forming those groups or 
basins to which we have alluded, and which, as we have already remarked, 
are of two kinds, one communicating immediately with the ocean, into which 
the rivers empty themselves, which may therefore be called oceanic river 
systems, inclumng each of them a nxunber of rivers ; and another, including 
what may be called continental river systems, forming large basins, lq which the 
drainage is confined entirely or chiefly within continental tracts of land, without 
proceeding to the ocean. In every case, the springs, brooks, and rivulets whose 
waters contribute to the formation of a single river, and the land which is 
drained by these various water-courses, form the area of drainage, and the 
line inclosmg this area forms the water-shed. 

We proceed now to consider the principal river basins in various parts of 
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the world, and these we may re^d as forming eight distinct groups— namely, 
the groups of the Atlantic, Pacific, Indian, and Arctic Oceans ; those of the 
Black Sea, the Mediterranean, and the Caribbean inland seas, the latter 
including the Gulf of Mexico; and the great continental groups, of which the 
chief is in Central Asia, where a number of rivers empty themselves into the 
Caspian Sea, the Lake of Aral, and the lakes in the eastern part of Cenlral 
Asia, in the desert of Gobi, without reaching the ocean. 

77 River Systems in the Atlantic Groti/p, — ^The Atlantic group includes 
a considerable number of river systems of great importance, both m Europe, 
Africa, and America, and the following table gives a connected view of the 
extent and relative importance of those amongst them which are best known. 

Fbincipal ErvES Ststems in thb Atlantic Gbouf. 



Names of Riteb Systems. 



I. EUBOPEAN ElVEBS. 

Neva 

Ahine 

Vistula 

Elbe 

Oder 

Loire 

Dwina . . . . . 
Niemen (Memmel) . 

Douro 

Garonne .... 

Seine 

Tagus 

Guadiana .... 
Guadalqxdver . . , 

Weser 

Minho 

Pregel 

Thames 

II. Amebic AN Eivebs. 

Maraiion (Amazons) 
La Plata .... 
St. Lawrence & Lakes 
Tocantins . 
Orinoco . . 
St. Francisco 
Paranahyba 
Essequibo . 
Delaware . 
Connecticut 



Extent of 

river basin in 

square miles. 

(Geographical.) 



In Qeographical Miles. 



67,200 P 
66,280 
56,640 
41,860 
39,040 
33,940 
33,440 
32,180 
29,250 
24,450 
22,620 
21,760 
19,360 
15,040 
13,120 
11,840 
5,92a 
6,000 



1,512,000 

886,400 

297,600 

284,480 

252,000 

187,200 

115,200 

61,650 

8,700 

8,000 



Direct dis- 
tance of 
river from. 

source to 
mouth. 



315 P 
360 
280 
344 
280 
320 
280 
240 
260 
200 
220 
360 
240 
180 
200 
108 
60 
112 



1548 
1028 
860 
990 
368 P 
872 
560 
350 
180 
231 



Extent of 

development 

of stream. 



440P 

600 

520 

684 

4«0 

520 

560 

460 

440 

320 

340 

480 

420 

260 

280 

192 

100 

192 



Extent txf 

windings of 

stream. 



128 

240 

240 

340 

200 

200 

280 

220 

180 

120 

120 

120 

180 

80 

80 

56 

40 

80 



3080 


1662 


1920 


892 


1800 


940 


1120 


130 


1352 


984 


1400 


528 


744 


184 


420 


70 


265 


85 


270 


39 



Note.— By the extent of development of a stream, is meant its length from source to month. 
includmg aU its windings and turnings. This, compared with the direct distance between the 
source and the mouth, shows the amount of the windings, and enables us to determine the 
influence which the river exercises on its district. But to understand this, we have to consider 
not only the length of the principal channel, but also the surflice extent of its tributary 
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Of the rivers mentioned in the above table, the Rhhie takes its rise in the 
Alps from two principal sources ; one of them on the north side of the St. 
Gothard, from a glacier at the height of 7650 feet, the other from tJie 
Bhemwidd glacier, near St. Bemardm. The river has a rapid declivity to 
the Lake of Constance, on emerging from which, its bed is suddenly depressed 
at the celebrated falls of SchiSfhausen, and l^e river then runs westward 
to Basle, whence, turning northwards, it b navigable to the German Ocean, 
being interrupted only in passing through the narrow defiles between Blngen 
and the town of Bonn. The chief tributaries to the Bhine are the Mosdle, 
the Maine, the Necker, and the Meuse. 

The Elbe rises on the western slopes of the Biesengebirge, from upwards 
of thirty springs, one of which has an elevation of 45(X) feet, but the greater 
part of this river runs through a very fiat country, and its estuary is encum- 
Dered bj sand-banks. 

The Neva is, with the exception of the Bhine and Bhone, the only im- 
portant European river which is connected with considerable lakes. It rises 
in the hniy district extending between the Volga and the Dwina, and thence, 
under various names, proceeds northwards to the lakes Onega and Ladoga, 
entering the Gtilf of Finland at St. Fetersburgh. Although its river basin 
IB of great extent compared with that of most of the European rivers, the 
Neva presents few points of interest in Fhysical Geographv. The remaining 
European systems are also not remarkable for anv nhysicai peculiarities, and 
will be again aJluded to in the Descriptive part of tnis work. The rivers of 
the British islands drain only small river basins, those of the Severn and 
Thames being somewhat smaller than that of Fregel ; they also are chiefiy 
interesting in reference to Descriptive and Folitical Geography. 

It will be at once observed, on reference to the above table, that the river 
basins in the New World are enormously larger than those in the Old. The 
Maranon, or Amazons, alone, has for its area of drainage a district nearly 
three times as large as that of all the European rivers which empt^ them- 
lelves into the Atlantic ; this vast river, the Ingest on the globe, is, m some 
nlaces, six hundred feet deep, it is navigable more than two thousand miles 
from its source, and is nearly one hundred miles wide at its mouth. More than 
twenty superb rivers pour their waters into it, and the torrent that rushes 
from it into the ocean is borne alon^ upon the surface in nearly a direct line, 
m spite of the currents that cross its course at ri^ht angles, its stream ren- 
dering the water perceptibly less salt than that oi the ocean, at a distance of 
more than three hundred miles from the shores of America. 

Although no river approaches in ma^itude the gigantic Amazons, the 
river Plata, the fourth largest in the wond in the extent of its river basin, 
and combining two important rivers, the Faran4 and the Uruguay, is stiU 
worthy of more than passing notice. Like the Amazons, it receives at its 
affluence rivers which, in extent and magnitude, are of the first class. At 
Buenos Ayres, two hundred miles from its mouth, and along its whole course 
from that river to the sea, its breadth is never less than one hundred and 
Beventy miles. It is subject to dreadful inundations, the Faran4, after the rains, 
rising every season and covering not less than 36,000 square miles of land. The 
water is exceedingly muddy, and can be traced in the Atlantic to a distance 
of two hundred nmes from the coast of America. 

The five next river systems of greatest importance in South America, the 



diaonela. Thus, the dh'«ct distance of the Rhine is shown by the table to be SffO miles, or 80 
miles more than the Ylstnla ; the development of its course is also 80 miles greater than the 
Yistula, but its windings are less, notwithstanding that the area drained by the former is much 
greater than that by the latter river. This table, and the deductions here expressed, as well 
as other tables of like nature which succeed, are given on the authority of Mr. Johnston's 
edition of Bei^haus's PhyricaJl AtUu. The measurements are in geographical miles, of which 
rixty are reckoned to a degree of latitude. The geographical mile contains 6086 feet, and the 
Bfitiih statute mile 6S80 feet 

B 
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Tocantins, the Orinoco, the Paranahyba, the Francisco, and the Esse^nibo, do 
not together drain a greater area than the Plata and its tributaries. The 
Orinoco is, howerer, interesting for another reason than its extent, as it 
exhibits in the upper part of its course the very rare example of a natural 
canal, uniting it with another great river system. This canal, called the 
Casiquiare, connects the Hio Ne^o with the Orinoco. Its length is 120 
miles direct distance, or 176 including the windings, and its width is 100 
yards where it branches from the Orinoco; but on approaching its junction 
with the affluent of the £io Negro, which forms the connecting link of the 
two systems, it amounts to nearly 600 yards. In addition to this curious 
network complicating two great and distinct river systems, the Orinoco in 
its detours follows such a direction that the course of the stream is apparently 
turned, and although the general direction of the stream is north-east, its 
mouth is found almost in the same meridian as some of its sources. 

The largest of the North American river systems communicating directly 
with the Atlantic (that of 8t, Lawrence,) is much more remarkable for the 
great chain of lakes through which it passes than for any other phenomenon 
it presents. Of the 297,600 square miles which it drains, no less than 94,000 
are covered with water, and the river runs through these lakes, bearing 
different names, and resembling rather a series of lake straits than any 
continuous stream. Of these lakes, the largest is Lake Superior, whose 
length is 400 mUes, and mean depth 900 feet, and the smallest (with the 
exception of Lake St. Clair) is 100 miles in length and 500 feet deep. The 
Lake Superior is the westernmost of the whole chain, and is the largest body 
of fresh water in the world. It discharges its waters through the strait of 
St. Mary into Lake Huron, which receives also the waters of Lake Michigan, 
the next in magnitude to Lake Superior. The waters of Lake Huron (which 
is 240 miles lon^ and 100 feet deep,) pass into Lake Erie, and thence, by the 
Niagara Biver, mto Lake Ontario, forming in its course of 33^ miles the 
celebrated Falls of Niagara. The Biver St. Lawrence, which drains all these 
lakes, is not known by that name till after passing Montreal, but then, 
forming a broad estuary, it enters the Gulf of St. Lawrence, at Gaspe Poiat, 
by a mouth more than 100 miles in width. The other principal rivers of 
North America, belong? to the Atlantic group, offer nothing especially 
worthy of remark in tins place. 

The depression occupied by fresh water in the great lakes of the St. 
Lawrence system in North America is a phenomenon of considerable 
importance in the physical geography of this -part of the globe. The principal 
lakes, Lake Superior, Lake Michigan, and Lake Huron, have a mean depth 
of nearly 1000 feet, and cover an area of 75,000 square miles; their surwce 
is considerably less than 600 feet above the sea, and thus their bed has a 
mean depth of more than 400 feet below the level of the ocean. Lake 
Ontario, whose elevation above the sea is only 230 feet, but whose depth is 
500 feet, presents to us another area of 6300 square miles, 270 feet below the 
sea level. This remarkable depression is paralleled by one other similar case, 
that which has been observed to the east of the Mediterranean, where the 
Dead Sea occupies a hollow more than 1000 feet below the sea level, and the 
whole interval between the Caspian Sea and the Lake of Aral is a depression 
irom which the ocean has been recently drained. 

In addition to the rivers already described as emptying themselves into the 
Atlantic, we have also several on the coast of Amca. There are some of 
them more important, and connected with larger river basins than the 
largest of those occurring in Europe, but they are much less completely known. 
The largest of them is the Quorra, or Niger, which, though not so extensive 
as the Nile, has, in all probability, a more extensive river basin. It is 
supposed to rise in about 9° N. latitude and 9^° W. longitude ; but there 
are probably more sources than one of so extensive a stream. It £ows along 
a course or as much as 2300 miles, and receives many very large affluents. 
The current of the river is moderate, and offers no impediments to navigation, 
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and the rirer flows thronffh more tlian one considerable lake. The Senegal, 
850 miles in length, which drains two lakes and an extensive district, is the 
next largest river on this coast ; and the Gambia, whose course is estimated 
at 600 miles, is also connected with a river basin of great extent. The 
Crareep, or Ora/nge Miver, near the thirtieth parallel of S. latitude, has a long 
course through the table-lands of South Africa; and the Zayre, or Congo 
Biver, is a very important stream. Both the latter are, however, too little 
known, either with regard to the length of their course, or the extent of the 
oonntry they drain, to enable us to offer tabidar statements resembling those 
given above of the European and American streams. 

78 Biver Systems tf Inland Seas openino into the Atlantic, — ^Let us next 
consider those nver systems which empty memselves into the great inland 
seas of the Atlantic Ocean. The general facts concerning them are given in 
the annexed table : — 



Name of Biviui. 


Area of the 
river badn in 
Bquare miles. 


Direct diA- 

tanoe of river 

in miles. 


Extent of 

development 

of river. 


Extent 

of 

windings. 


Meditbbbaneak 
Gboup. 

NUe 

Po 

Ehone 

Ebro 

EuxiNB Gboup. 

Danube 

Dnieper .... 

Don 

Dniester .... 

Gboup of the Gulf 

OF Mexico and 

Gabibbean Sea. 

Mississippi-Missouri 
Eio del JNorte . . 
Magdalena . . . 
Motagua .... 


520,200 
29,950 
28,160 
25,100 

234,080 

169,680 

168,420 

23,040 

982,400 

180,000 

72,000 

7,040 


1320 

232 

248 
268 

880 
548 
408 
360 

1412 

1220 

560 

196 


2240 
352 
560 
420 

1496 

1080 

960 

440 

3560 

1840 

828 

260 


920 
120 
352 
152 

616 
532 
552 

80 

2148 

620 

268 

64 



Of the river systems of the Mediterranean group, that of the Nile is by 
far the most remarkable, from the great reguGirity and importance of the 
annual inundations in the lower part of its course, wmch fertilize Egypt. The 
absence of permanent streams as affluents for the last 1200 miles of its 
progress to the Mediterranean is also a remarkable fact. At its entrance 
into the Mediterranean, this noble river expands into a delta, which has been 
for a long period rapidly and steadily increasing. The sources of the Nile 
have been the objects of research to scientific travellers, and it would seem 
that one of its two principal head-streams rises in the table-land of Abyssinia, 
but the other is supposed to take its origin in the Moxmtains of the Moon. 
As it enters Egypt, the Nile runs in nine or ten cataracts or rapids, over a 
succession of terraces ; but these cataracts of the principal stream are not 
Bo remarkable as those of the Tecazze, one of its tributaries. 

The Po, draining a very considerable area of Northern Italy, is chiefly 
Temarkable for its torrents and the delta at its mouth. It rises on IJie eastern 
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side of Monte Yiso, about 6000 feet above the sea, and is a rapid and irre- 
^ar stream. 

The Bhone rises in the Ehone glacier, 5500 feet above the sea. After 
passing through the Lake of Geneva, it enters France, and passes southwards 
into the Mediterranean. It is a very rapid stream, flowing at the rate of 120 
feet per minute. 

The Danube rises in the Black Forest at an elevation of 2850 feet above 
the sea, and running through the plains of Bavaria, it receives the two 
important rivers of the Isar and the Inn, proceeding from the Tyrolese Alps. 
For a considerable part of its course, it flows in a narrow valley, between two 
mountain ridges ; but, after passing Vienna, it proceeds through open flat 
plains, except where in the celebrated defile of the iron gate, it crosses the 
eastern continuation of the great Alpine chain. It enters the Black Sea by 
no less than seven mouths, passing through an extensive swampy district, 
forming a delta. 

The Dnieper and the Don, as well as the Dtvina and the Volga, have 
their sources in low, flat districts, and present nothing remarkable in their 
course. The Dniester rises on one of the declivities or the Carpathians, and 
after running with a rapid current, and with a considerable body of water 
during the whole of its course, enters the Black Sea by a small delta. 

The American rivers emptying themselves into the inland seas of the Atlantic 
are, like those which enter directly into that ocean, far more important in their 
magnitude and the extent of their drainage, than those of tne Old World. 
The Mississippi, taken with its tributaries, forms the largest river system in 
North America, and one of the greatest in the world. The parent stream 
receives in its course two rivers, the Missouri and the Ohio ; the first of 
which, coming in from the north-west, greatly surpasses the Mississippi 
itself, while the other is also a gigantic river, and the largest of its eastern 
affluents. The Missouri rises in two branches within a mile or two of the 
sources of the Columbia, and runs for 3000 miles before it joins the Mis- 
sissippi ; it is a very rapid river in the whole of its course, and itself receives 
several important affluents. The average velocity of its current may be 
estimated at 4| miles per hour, but in times of freshets, is accelerated to 5| 
miles per hour. The Mississippi has its source in two small lakes, about 
1500 ^et above the level of the sea, in latitude 47° 10' north, and longitude 
96° west. It runs through Lake Winnipeg, and flows with great velocitjr, 
forming several small falls. Before the waters of the Missouri mingle with it, 
it receives the St. Peter's river, the Wisconsin, the Illinois, and other streams, 
and its valley is bounded by high bluffs, intersected by deep ravines. After 
the junction of the Missouri, the course of the united stream becomes gentle, 
and the valley more open ; and in its progress towards the Gulf of Mexico, it 
continues to receive very important rivers, of which the Arkansas and the 
Bed Eiver are those which nave the longest course ; the mouths of the 
Mississippi project far into the Gulf of Mexico, in a long and very remarkable 
delta, on which is built the city of New Orleans. Near its mouth, this vast 
river becomes a rapid, desolating torrent, loaded with mud. Its violent 
floods, produced by the melting of snow in high latitudes, sweep away whole 
forests, rendering the navigation very dangerous; and the trees matted 
together in masses many yards thick are floated down, and at length 
deposited over the delta and in the Gulf of Mexico, in an area of many 
hundred square miles. 

The Sio del Norte is the largest of the Mexican rivers, but is too full of 
rapids to permit of any kind of navigation for a great part of its course. It 
rises in 40° north latitude, near the sources of the Arkansas, and of the Bio 
Colorado. Like many other of the great rivers of the world, it is subject to 
occasional freshets, but these do not extend to its lower course. 

The Maadalena and the Motagua drain, the former, the north-western 
extremity of South America, the latter, the promontory of Yucatan. The 
Magdalena rises in the central chain of the Andes< and receives several 
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streams in its course ; the Motagua rises in the monntainB near Guatimala, 
and flows into the Gulf of Honduras. 

J9 The River Systems of the Arctic Ocean, — ^The following table expresses, 
as tar as tiiey are known, the important facts connected with the Arctic 
system of rivers : — 



Names of Siyxb Ststehs. 


Extent of 
liTer baain in 
square miles. 


Direct dis- 
tance of 

rivers firom 

sonrce to 

moutli. 


Extent of 

development 

of streams. 


Extent of 

windings of 

streams. 


Asiatic Eitbbs. 

Obi 

Yenesei .... 

Lena 

£oljma .... 

Dwina 

Indigirka . • • . 

Olenek 

Anadir 

Fetchora .... 
Mesen 

N. Ahbbioan Eiyebs. 

Mackenzie. . . . 
Saskatcheyan . . . 
Ghnrchill .... 
Albany 


924,800 

784,630 

594,400 

107,200 

106,400 

86,400 P 

76,800 

63,360 P 

48,800 

30,580 

441,600 

360,000 

73,600 

62,800 


1276 

1228 

1280 

440 

380 

560 P 

600 

... 

360 
... 

964 
924 

668 P 
380 


2320 

2800 

2400 

800 

864 

908P 

1000 

... 

600 
... 

2120 
1664 

848 
560 


1044 

1572 

1004 

208 

484 

348 

400 

... 

240 
... 

1156 
740 
180 
180 



Of the Asiatic rivers that empty themselves into the Arctic Ocean almost 
all are, as will be seen, of great magnitude and extent, but the nature of the 
ootintry over which they pass, consisting for the most part of dreary plains, 
and the northern declivities of extensive table-land, conspires to renaer them 
ahnoet useless for the support of vegetation, and therefore for the abode of 
man. The Obi and the Irtish, forming together the largest river of the Old 
Continent in the extent of its drainage, if not of its development, has so 
small an absolute elevation when it leaves the Altai mountains, from which it 
takes its rise, that for a distance of one thousand two hundred miles it has a 
fall of only four hundred feet, and although the bed of the river is very deep, 
the current is necessarily slow, and its banks are readily and constantly over- 
flowed, forming immense marshes characterising a large part of Siberia. 

The Obi is the most westerly of the three great rivers of Siberia, and the 
Tenesei, which drains the district to the east of the basin of the Obi, is little 
inferior in the magnitude of its basin, and has even a greater extent of 
development ; some of its branches, which are numerous, have a very rapid 
course, but below Irkuktsh the current gradually decreases in rapidity. At 
its mouth, this river enlarges into an estuary twenty miles wide, and more 
than two hundred miles long. In its upper course, it passes through the Lake 
of Baikal, the largest and most remarkable of all the mountain lakes. 

The Lena, the most easterly of the Siberian river systems, takes its rise 
from mountains a little to the west of the Lake of Baikal, and thence proceeds 
flrst in a north-easterly and then in a northerly direction to the sea. It is 
navigable for a considerable part of its course, receiving a number of impor* 
tant tributaries, and terminates in an extensive delta traversed by several 
ftrms of the river, three of which are navigable. Both it and the Yenesei are 
frozen near their mouths for nearly nine months of the year. The other 
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riyers of Asia, emptying themselyes into the Arctic Ocean, are of inferior 
extent and importance. 

The Mackenzie is the largest river gyatem which contributes its waters to 
the Arctic Ocean in the western hemisphere. It is formed by the xmion of 
several small streams, each designated by its own name, which rise on the 
eastern slopes of the EocIit Mountains, and after passing through Athabasca 
Lake, form Slave Eiver, wnich again on leaving Great Slave Lake is called the' 
Mackenzie. 

The SasJcatchevan rises with two branches in the Bocky Mountains, and 
these imiting at a distance of four hundred and fifty miles from their sources, 
run through Lake Winnipeg, and thence continue under the name of the 
Nelson Eiver, into Hudson's Bay. The Churchill is another stream nearly 
parallel, passing through and draining several lakes, and at length terminating, 
uke the oaskatchevan, in Hudson Bay. 



80 BivEB Systbms 


OF THB Pacific. 




NAKE of SlVER. 


Extent of riyer 

basin in square 

miles. 


Direct dis- 
tance of 
rivers. 


Extent 
of develop- 
ment. 


Extent 

of 

windings. 


Asiatic Biysbs. 

Amour 

Yang-tse-Sliang . . 
Hoang-Ho. . . . 
Tche-Kiang . . . 

Ambbican Biyebs. 

Columbia .... 
Colorado .... 


582,880 

547,800 

537,400 

99,200 

. 194,400 
169,200 


1200 

1550 

1150 

480 

576 
512 


2380 

2880 

2280 

960 

1360 

800 


1160 
1312 
1160 

488 

784 
288 



The river systems of the Pacific Ocean are, as will be seen, of very great 
extent and importance in the drainage of Asia, but running through a 
territory so jealously guarded as China, very Httle is known of the country 
through which they pass. The Soa/ng-So and the Yang-tse-Kian^ have their 
sources and their mouths in very close approximation, both nsing in the 
extensive terraces on the eastern slope of the table-land of Central Asia, and 
emptying themselves into the sea between latitudes 32° and 35° N. These 
rivers are tidal to the extent of four hundred imles from their mouths, but 
they bring down with them a vast quantity of mud, which they deposit chiefly 
at the entrance of the Tellow Sea. Thev are separated during a ^eat part 
of their course by a mountain ridge, which serves as a water-shed for a 
distance of seversd hundred miles. 

The Amouvt the third important river of Asia, empties itself into the 
Pacific by the Sea of Okhotsk. It rises in the Bussian dominions, but runs 
for the greater part of its course through China ; and there passes through a 
number of lakes, receiving many unknown and hitherto unnamed rivers, 
which take their rise from the edge of the great table-land of the Gobi. The 
Tche-Kiang system drains the tract of country south of the Yang-tse-Eoan^, 
and its most miportant stream is best known under the name of the Cambodia 
river. This river, after traversing elevated plains, where it is navigable, 
rushes through the mountain barriers which border these plains, and crossing 
a wide valley, enters the Gulf of Siam by three princinal arms. 

The only important river of North America whicn contributes its waters 
to the Pacific Ocean is the Columbia, or Oregon, which rises in the most 
rugged steeps of the Bocky Mountains. It forms many rapids and cataracts, 
and is only navigable as far as Point Vancouver, a distance of about one 
hundred miles, to which point the tide reaches. The Colorado descends from 
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the Boaiih side of the water-shed in latitude 41^, from the north side of which 
many of the tributaries of the Columbia take their rise, and after a consi- 
derable course enters the Gulf of California, trayersing a country almost 
eatirely unknown. 

8i BiYEB Systbms op thb Indian Ocean. 



Name of BiysR. 


Extent of 

river badn 

in gquare 

miles. 


Direct dis- 
tance from 
soorce to 
mouth. 


Extent 

of develop- 

ment of 

streams. 


Extent of 

windings of 

streams. 


Granges, including 1 
Bramahpootra .. 
Irawady .... 

Indus 

Menam 

Euphrates .... 
Godavery .... 
Eistna 


432,480 

331,200 P 
312,000 P 
216,000 P 
195,680 
92,800 
81,600 


824 

1100 
900P 
620P 
600 
540 
440 


1680 

2200 

1960 P 

940P 

1492 

748 

688 


856 

1028 
864 
320 
892 
360 
228 



Of these riyers it may be stated generally, that although the Ganges and 
Bramahpootra drain the largest area, the Irawady, which waters the Birman 
empire, and falls into the Bay of Bengal, and whose sources are in the same 
chain of mountains with those of the Sramalipootra, has both a longer direct 
distance and a greater extent of deyelopment. Its course, koweyer, for the 
first eight hundred miles, is through countries not familiar to Europeans, 
althongn it is known to pass through a noble and rich plain, contaimng no 
less than four capital cities. From the city of Aya to its delta, which is yery 
extensiye, and presents fourteen principal channels, the riyer is more than 
fonr miles broad* but is encumoered with islands. It receiyes seyeral 
important affluents. 

The Ganges and Bramahpootra form a remarkable double system of 
rivers, whose sources are at great distances, but which conyerge to a 
common delta at the head of the Bay of Bengal. The Granges commences 
at once in a very rapid stream, not less than forty yards across, proceeding 
from a huge cayem, in a perpendicular wall of ice. Thence it flows in a 
south-easterly direction through the plains of Bengal, receiying in its course 
a multitude of tributaries, of which no less than twelve are more considerable 
than the Shine. The Bramahpootra takes its rise in the north of the 
Birman empire, probably from the eastern extremity of the Himalayan chain, 
and after winding for five hundred miles through Upper Assam, it enters the 
plains of Bengal and unites with the Ganges, about forty nules from the 
coast. The united delta of the two streams commences two hundred and 
twenty miles in a direct line from the Bay of Bengal, and extends for more than 
two hundred miles along the coast. The volume of water discharged by the 
Bramalipootra during tne dry season is not less than 150,000 cubic feet per 
second, while that discharged by the Ganges, in the same time and under 
similar circumstances, is only 80,000. The quantity of mud brought down 
by the joint stream through the delta, in the wet season, is not less than 
600,000 cubic feet (20,000 tons) per second, and the Stmderbunds, an 
innumerable multitude of river islands, forming a wilderness of jungle and 
forest trees, mark the extent to which such alluvial mud has been accessory 
in producing the present appearance of the mouths of these rivers. 

The Ind'os and the SnitleQ take their rise in the Snowy Mountains at the 
western extremity of the Himalayan chain, and both, fed by streams of 
melted snow from the northern side of this chain, flow westwards along the 
extensiye valleys of Thibet. The two streams unite in the Punjab, and thence 
to the ocean the Indus does not receive a single accessory, but passes through 
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a sterile desert. It empties itself into the ocean by a considerable delta, 60 
miles in length, and occupying 120 miles of coast. 

The Euphrates and TCaris form together the only important river system 
in Western Asia. The &rmer rises in the heart of Armenia, and after 
mnning over a great extent of table-land, descends in rapids through the 
Taurus Mountains to the plains of Mesopotamia. The Tigns rises further to 
the east, and after piercing the same chain of mountains at Mosul, descends 
also to the plains of Mesopotamia. The two streams unite near the city of 
Bagdad, after which they run 160 miles, in one stream, to the Persian Gulf 

82 Rivers not communicating with the Ocean, — It now only remains to 
consider those riyers which, terminating in great inland seas of fresh water, 
and not proceeding thence to the ocean, form complete systems of drainage, 
entirely confined to the interior of extensiye tracts of land. Examples of this 
kind occur in Africa and America to a small extent, but are nowhere so 
remarkable as in Central Asia, where nearly 1,200,000 square miles of 
country are drained by six riyer systems, three of which run into the Caspian, 
two into the Sea of Aral, and the sixth into a comparatiyely small lake, north 
of the great desert of Gobi. Another tract, nearly equal in extent to half 
this area, and continuous with it, appears to haye a multitude of streams, 
which are either lost in small lakes after proceeding for a short distance, 
or disappear entirely in the great sandy deserts which they trayerse. 

Of these riyers, the Volga drains an area of nearly 400,000 square miles, 
and, with the exception of the Danube, has the largest volume of water of 
any river in Europe. The extent of its development amounts to 2400 miles, 
and its source (in latitude 67° N.) is nearly 1000 miles from the Caspian 
Sea, into which it discharges itself by no less than sixty-five mouths. The other 
important river system terminating in the Caspian Sea (the Ural) rises in 
the southern Ural chain, in latitude 66° N., at an elevation of 2132 feet above 
the level of the sea. The whole course of the river, including its windings, 
is probably not less than 900 miles. It forms, for a considerable part of its 
course, the boundary line of Europe, and, towards the south, is enclosed by 
steppes, and flows in a bottom varying from half-a-mile to two and a half 
miles in width. It enters the Caspian by a small delta, the islands of which 
are covered with salt swamps. 

The principal feeders of the Sea of Aral are rivers not inferior to the 
largest in Europe ; one of them, the ancient laxartes, is, in the area which 
it drains, of somewhat greater importance than the Danube, and its develop- 
ment is not less than 1200 miles. It flows from the east, through a country 
tolerably fertile, especially near its mouth, but that fertility is confined to a 
narrow oand, and is bounded by deserts perfectly arid. The other river, the 
Oxus of the ancients, now callea ike Amort, enters from the south. It drains 
nearly 200,000 square miles of country, has an extent of development of 
1400 miles, and the direct distance from its source to its mouth is more 
than 800 miles. The only other important river in the continental system of 
Central Asia is that which empties itself into the small lake of Lob, proceeding 
from the west eastwards. jLittle is known of this district, but the area 
drained is estimated at 177,120 square miles, and the development of the 
stream at 1080 miles. 

There are not wanting continental systems of drainage in the New World, 
but they are comparatively small and unimportant. In North America, a 
small area of this kind occurs between the Gulf of California and the Bio del 
Norte; and the elevated lakes of the great plateau of the Andes, between 
latitude 13° and 31° S., receive a number of streams which do not afterwards 
proceed to the ocean. The Lake Titicaca, the largest in the South American 
continent, occupying an area of about 4600 square miles, and its surface 
12,800 feet above the Pacific, is the recipient of the streams of a considerable 
district; these proceed by the Biver Desaguadero to a distance of about 
180 miles into a small lake, and are there lost. The Catalena Luke, the Tor 
Lake, the Blanca Lake, and others in the same plateau, offer similar examples 
on a much smaller scale. 
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CHAPTER VI. 
ATMOSPHEEIC AND AQUEOUS ACTION. 

9 83. General nature of atmoepheric and aqueous action. — 84. Changes prodaoed by atiiio> 
spheric action. — 85. Changes directly effected by alterations of temperature and ezposore 

• to cold. — 86. Glaciers and icebergs. — 87. Changes produced by the eroding action of 
moving water. — 88. The transporting and distributing action of moving water.— 
89. Changes produced by water acting by the aid of substances held in solution. — 90. Indi- 
rect effects produced by water. 

/GENERAL Natwre of Atmospheric avid Aqueotis Action, — The action of 
yJT the air loaded with a larger or smaller quantity of water, and constantly 
chan^ring in temperature, and the incessant motion of water in its various 
forms, whether as it passes under ground and emerges in springs, or moves 
along the surface, conveying particles of solid matter and depositing them 
in some new place, produce, on the whole, a very great amount of change 
upon the Earth's surface, greatly modifying the physical features of the globe, 
and influencing those conditions essentia to the well-being of animsd and 
vegetable life. A consideration, therefore, of what may thus be called atmo^ 
ipheric and aqueous action is an essential part of Physical Geography. 

The mechanical action of water exhibits results m several dinerent ways; 
for in one part of the world we find the sea with its restless waves beatmg 
against the shore, constantly removing a portion of the coast, and depositing 
it as mud in the immediate vicinity; while in other places, rivers carry along 
with them a quantiiy of earthy matter, manifested!^ by their turbid appear- 
ance, and this earthy matter cannot fail to be deposited where the progress 
of the river is checked as it passes through nearly level plains, or when its 
stream meets the ocean, and its course onwards is thus completely termi- 
nated. The water carries mud along with it, however, only for a limited time, 
and strictly in consequence of its Tbeing in motion. Whenever, therefore, 
that motion becomes slower, a portion of the mud is deposited, and where it 
is stopped, the remainder must necessarily fall. Thus a river sometimes 
terminates in a triangular area of mud, called a delta; sometimes banks of 
mud, greatly impeding navigation, extend transversely across the mouth of 
the river, and are thence denominated bars ; while sometimes there exist only 
a multitude of narrow channels, none of them deep enough to be navigable 
at the entrance. Where neither of these conditions occur, the mud is gene- 
rallyremoved to a distance by powerful marine currents. 

The action of water is not unfrequently dependent on meteorological 
changes ; and amongst the most powerful agents of decay in cold climates or 
on mountain summits, must be ranked the expansion that takes place in 
water shortly before and during the act of congelation. In this way it is 
that althougn in temperate and cold climates the quantity of rain falling may 
not of itsen be sufficiently great to produce, by simple mechanical abrasion, 
any considerable removal of the soil, yet the seventy of the frost and the 
inequahties of the temperature may more than compensate for this diminished 
source of degradation. Hence, among aqueous changes we have to consider 
also the phenomena o{ glaciers and icebergs, by whose means vast quantities 
of broken fragments of rock, often of large dimensions, are first removed 
from the parent rock, and then conveyed by the assistance of marine currents 
to very considerable distances. We nave also to take into consideration the 
action of running water, as well directly and periodically by rivers, as occa- 
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sionally by unusual floods. We hare, too, to consider the effect of the sea 
upon coast lines, and of tidal and marine currents under various circam- 
stances, whether these take place in the open ocean or in inland seas which 
communicate with the ocean. Lastly, a certain amount of chemical change 
is produced by water, either by acids contained in it, or by the affinity of 
water and of the gases which it holds in solution for the various substances 
it encounters. 

84 Changes produced hy Atmospheric Action. — There is a constant 
tendency in all decomposed or disintegrated substances to be removed by the 
agency of rains and superficial waters to a lower level than they previously 
occupied, and finally to be transported into the sea. There is no rock, not 
even Uie hardest, tnat does not bear some marks of what has been termed 
weathering, or of the action of the atmosphere upon it. The amount of surface- 
change so produced is exceedingly variable, depending much on local causes. 
Thus, one rock may undergo complete disintegration in a certain situation, 
though composed 01 nearlv the same materials as another rock of the same 
kind, of which the change nas been comparatively trifling. When we contem- 
plate the present surface of our continents and islands, we cannot but be struck 
with the great effects that have been produced upon them by the agents com- 
monly known as existing causes; and among these effects, the weathering and 
degradation of land are very remarkable, attesting a lapse of time far beyond 
the usual calculations. The tors of Dartmoor, Devon, may be referred to as 
excellent examples of the weathering of a hard rock. These are composed of 
granite, which, as Dr. McCulloch has observed, are divided into masses of a 
cubical or prismatic shape. ' By degrees, surfaces which were in contact, 
become separated to a certain distance, which goes on to augment indefinitely. 
As the wearing continues to proceed more rapidly near tne parts which are 
most external and therefore most exposed, the masses which were originally 
prismatic, acquire an irregular curvinnear boimdary, and the stone assumes 
an appearance resembling the Cheese-wring (Cornwall). If the centre of 
gravity of the mass chances to be high, and far removed firom the perpen- 
dicular of its fulcrum, the stone falls from its elevation, and becomes con- 
stantly rounder by the continuance of decomposition, till it assumes one of 
the spheroidal figures, which the granite boulders so often exhibit. A 
different disposition of that centre will cause it to preserve its position for a 
greater length of time, or, in favourable circumstances, may produce a 
logging stone.' The weathering of these tors is so exceedingly slow, that the 
life of man wiQ scarcely permit nim to observe a change ; therefore the period 
requisite to produce their present appearance must have been very consider- 
able. The surface of the whole country round these districts attests the same 
^eat lapse of time. Whatever may oe the nature of the rock, it is dis- 
mtegrated to considerable depths; porphyries, slates, compact sandstones, 
trap rocks, — all have suffered; but the valleys appear to nave previously 
existed, and the general form of the land to hAve oeen much the same as it 
now is. 

This destruction of the surface is common to most countries ; and if the 
rock so weathered be limestone, there is, not imfrequently, a reconsolidation 
of the parts by means of calcareous matter deposited oy the water that 
percolates through the fragments, and which dissolves a portion of them. 
At Nice, the fractured surntce thus reunited is so hard, tluit, if it occur on 
a line of road, it must be blasted by gunpowder for removal. There are 
some fine examples of this reconsolidation upon the limestone hills of 
Jamaica ; as, for example, near Eock Fort, and at the cliffs to the eastward of 
the Milk Eiver's mouth. 

The felspar contained in granite is often easily decomposed, and when 
this is effected, the surface frequently presents a quartzose gravel. D'Aubuis- 
son mentions that in a hollow way, which had been only six years blasted 
through granite, the rock was entirely decomposed to the depth of three 
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inches. He also states tliat the granite country of Auvergne, the Vivarrais, 
and the eastern Pyrenees, is frequently so much decomposed, that the 
traveller may ima^ne himself on large tracts of gravel. 

Some trap-rocks, from the presence of the same mineral, are so liable 
to decomposition, that there is frequently much difficulty in obtaining a 
specimen. The depth to which some rocks of this nature are disintegrated in 
Jamaica is often very considerable. 

This decomposition is attributed to the chemical, as well as mechanical 
action of the atmosphere. The oxygen of the atmosphere produces consider- 
able alteration in rocks, more particularly observed m those containing iron, 
which are thus often reduced from a hard to a soft substance. With the 
slow and quiet changes effected by electricity on the surface, we are very 
imperfectly acquainted, but most of us have heard of destructive effects 
during a thimder-storm, of shivered rocks, and of fragments hurled from the 
heights into the valleys beneath. In these electrical discharges, the hghtning 
often ftises the surface of rocks. Thus, De Saussure found a compound rock 
on Mont Blanc fused on the surface, white bubbles being on the felspar, and 
black bubbles on the hornblende. Similar observations have been made by 
other geologists in other parts of the world. 

At Peninis Point, St. Mary's, Scilly Islands, there is a curious example of 
that decomposition of granite which antiquaries have termed rock-basins, and 
considered the work of the Druids. The Kettle and Pans, as these depres- 
sions are there named, occur in the large blocks of granite on the top of this 
promontory ; they are generally three feet in diameter, and about two feet 
deep; they are mostly circular and concave, but there are others much 
indented at the sides. ' Some have perpendicular sides and flat bottoms, 
some are of an oval form, and others of no regular figure. Many of the 
blocks are six or seven jards high, eight or nine yards square, and several of 
them have four, five, six, or more of these cavities in them. A large rock, 
near the extremity of this group, has two basins of an immense size, besides 
several smaller ones. The upper and larger one appears to have been formed 
bv the junction of three or more large basins. It is irregularly shaped, and 
about eighteen feet in circumference, and six feet deep. W^hen the water in 
this basin has attained the height of three feet, it discharges itself by a lip 
into a lower basin, more regularly formed, the back of wmch is about five 
feet high, but which is incapable of containing more than a depth of two feet 
of water, owing to the dechvity of the surface of the rock.* As a proof that 
similar decomposition sometimes takes place on the sides of a block, the 
author above cited mentions an oval cavity, six feet long, five wide, and nearly 
four feet deep, thus situated. 

There is scarcely a substance, which, having been exposed to the action 
of the atmosphere for a considerable time, does not exhibit marks of 
weathering. It will even be observed on cliffs of sandstone, in which the 
cement varies in induration or otherwise, producing the most grotesque forms, 
which must be more or less familiar to the least observing. Yariations in 
temperature much assist the chemical decomposing power of the air.* 

05 Changes directly effected by Alterations of Temperatu/re and Exposure 
to Cold. — ^We have just seen how rapidly disintegration of solid rocks may 
take place by atmospheric agency, and it may rea£ly be imagined that when 
during frost, and by a sudden and rapid decrease 01 temperature, the water 
which had percolated into and filled narrow crevices, formed near the surface 
by ordinary exposure, was at first diminished, and afterwards almost 
instantaneously mcreased in volume, the rocks would split asunder with 
irresistible violence, and thus the effect be greatly increased. Various 
mechanical results are derived both directly and indirectly in this way, since 
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not only are fragments spoilt off from large masses of Lard rock, but whole 
beds are alterea in position, and way made for the subsequent remoTal of 
others of scxRier material, to which the running water of warmer seasons is 
now able to penetrate. On the shores of yery cold seas, the cliffs are fre- 
quently formed more or less entirely of frozen mud, and the heats of summer 
generally tend to modify them, and eyen greatly reduce their dimensions, 
while on their reconstruction in the succe^ing winter, way- is made by the 
increase of creyices, both in number and extent, for the still further destruc- 
tion of the whole mass. 

All the changes and modifications ^nroduced by inequalities of temperature 
may, howeyer, be regarded as destructiye, effectmg, eyen when the change is 
least marked, pericKlical remoyals of yery large quantities of grayel and 
stones by the ordinary streams trayersing a country, and in other cases 
tearing away enormous quantities of solid rock, and preparing them for 
further transport by riyers or ocean currents. It is only where me climate 
is more ezcessiye than with us in England, that these modifications can be 
seen on a sufficiently large scale to attract general attention. In Russia, 
towards the mouth of the Dwina, there is an annual disturbance of the 
banks of that riyer, which is sufficiently ertensiye to be worthy of notice, 
for we find there lon^ ridges or ledges of stones on the banks of the riyer 
about 30 feet aboye its summer leyel ; the water, when at its heig|ht, pene- 
trates into the chinks of thin beds of horizontal lime-stone, and in wmter, 
becoming frozen and expanding, great disruptions of the rock occur, and 
stony fragments, often oi large dimensions, are entangled in the ice. In the 
spring the fresh swollen stream inundates its banks, and so expands the water 
tnat the icy fragments are thrown up 18 or 20 feet aboye tne level of the 
stream. Li the course of fiye or six hours, the water will rise suddenly 
14 or 15 feet, with the ice one compact mass upon it, and when the pressure 
increases, ihe ice is actually torn asunder, the crash that residts resembling 
the roaring of artillery. What occurs on so considerable a scale in the riyer 
Dwina, and in other Kussian streams, has been obseryed to a yet greater 
extent in Lapland, where granitic boulders, weighing several tons, have been 
seen suspended like birds* nests in the branches of pine trees, 40 feet above 
the summer level of the streams ; and in Canada, on the St. Lawrence, as well 
as in the ^eat rivers of Siberia, where the volume of the water is greatly 
more considerable, the changes of temperature more complete and more rapid, 
and where everything in nature is on a far gander scal^, the consequences 
are still more marked. The packing of the ice in the St. Lawrence is a phe- 
nomenon of this kind, and when the broken ice is carried away by high tides 
in the spring, blocks of stone weighing many tons are frequently removed ix) 
a yery considerable distance. The phenomenon of ground ice, however, or 
ice wjhich, in spite of the expansion of water in freezing, remains entangled 
at the bottom of streams, proves that this action of water in the solid form is 
not confined to districts where the winter cold is excessive, but may extend 
even to such latitudes and climates as our own. Where, however, the cir- 
cumstances are less unfavourable for the production ot such appearances as 
in some of the Siberian rivers, large stones are occasionally lifted from the 
river bed by the ice amongst them, and thus may be floated along for a ^reat 
distance. Amon^ the results of packed and ground ice may be mentioned 
the removal of pgantic blocks of^ stone wei^hmg very many tons, sometimes 
shifted several leet in a season by the American rivers. 

86 Glaciers and Icebergs, — When in very cold climates, or in mountain 
districts of great elevation, the rocks are exposed to frequent change of tem- 
perature near the freezing point of water, tnere must ot necessity oe a very 
considerable destruction produced, and this so much the more as the rocxs 
are less covered with vegetation, or a coating of soil or gravel. This will be 
at once admitted, if we consider the constant absorption ofwater into crevices, 
the expansion of the water, and consequent widening of the crevices, and the 
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ultunate splitting off by this mechanical degradation. No one who has not 
himself had the opportunity of witnessing such phenomena, can do full justice 
to their enormous extent and influence, and the mere repeated observation of 
the forms of the rock will not itself give an idea, since the forms ori^ally 
produced by the causes here referred to are perpetually repeated, alUiougn 
the actual surface of rock itself observed, and perhaps sketched at one visit, is 
closely imitated by that presented at another. Glaciers have been well described 
by Professor James For oes as ' icy streams moving downwards, and continually 
supplying their own waste in the lower valleys, into which they intrude them- 
selves like imwelcome guests/ They act chiefly as mechanical agents, trans- 
porting to a distance, and preparing for further travel, a vast multitude of 
olocks of stone, fragments of rock, gravel, and mud, and are amongst the 
most powerful agents employed by nature for this purpose. The quantity is 
often so great as almost entirely to conceal the mass of the ice under the pro- 
digious load which, during a long descent, is accumulated upon it, while the 
dimensions of the transported masses are often gigantic, one having beea 
seen by Professor J. Forbes on the glacier of Viesch, 100 feet long, and 40 or 
50 feet high, and another being described containing nearly a quarter of a 
million of cubic feet of green slate, which has been conveyed by the glacier 
of Schwarzberg, although this glacier has since retreated at least half a mile, 
leaving the intervening space covered with smaller blocks. 

The dimensions of glaciers are, however, required to ^ve some idea of 
the amount of result they produce; their number also, if it were possible to 
enumerate it, might assist us in this conception. In Switzerland, these 
remarkable bodies vary in length from a few hundred yards to as much as twenty 
miles, and in width extend sometimes to as much as three miles. They may 
be seen in almost aU the principal and a vast number of the secondary valleys, 
and evervwhere produce the same results and exhibit similar appearances. 

But Switzerland, although it oflers very interesting examples of glaciers and 
glacier action, which may be visited with convenience and described at 
leisure and in detail by the observant traveUer, is neither the only nor the 
most remarkable. On the south-western extrenul^ of South America, we 
find ' a range of hills only from 3000 to 4000 feet m height, in the latitude 
of Cumberland, with every valley filled with streams of ice descending to the 
sea-coast. Almost every arm of the sea which penetrates to the mterior 
higher chain, not only m Tierra del Fuego, but on the coast for 650 miles 
northwards, is terminated by tremendous and astonishing glaciers; and in 
Eyre's Sound, in the latitude of Paris, not only are there immense glaciers, 
but about flfly icebergs have been seen at one time floating outwards, one of 
which was at least iS) feet in total height, and these were all loaded with 
blocks of granite and other rocks of considerable size, diflerent £rom the clay 
slate of the surrounding moomtains.'* 

On the coast of Greenland, at Spitzbergen, and in other places in the 
Arctic Ocean, where the temperature of the water is below the fireezing point 
of fresh water, and also along the whole line of coast of the Antarctic Islands, 
there are constantly broken ofl* vast fragments of ice which float away into 
warmer climates, conveyed by marine currents. 

Three kinds of accumulation of ice are met with under these circumstances 
*— the vast expanse of frozen surface-water detached from the shore, forming 
what are called ice-fields; smaller fragments of these, denominated ice- 
floes ; and the lofly and massive portions, really broken ofl* from glaciers, 
being the icebergs of the cold seas. Each contributes to illustrate the power 
of water as an agent of change on the Earth's crust, but the ice-fields and 
floes convey little or no detritus to a distance. The icebergs, on the con- 
trary, whether numerous and of small extent, as they are successively broken 
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off in a sea warmer than the temperature of frozen fresh water; or 
allowed to swell into gigantic dimensions, as they creep along the sea-bottom, 
till the smaller specinc gravity of this vast accumulation of ice, which is a 
little less dense than the sea water, causes a huge fragment to break off, and 
rise into an island — ^in either case abound with rocks and gravel. 

The appearance and magnitude of such icebergs, in the Arctic Ocean, has 
been described as very variable, some having been seen aground in water 
three hundred fathoms deep, and others floating one hundred and twenty 
or one hundred and fifty feet above water, indicating a depth of nine hundred 
to one thousand feet, and a weight of not less than forty to fifty millions of 
tons. During the summer, round the shores of Cape Farewell, ana throughout 
the year down Davis's Straits, these marvellous engines for distributing broken 
fragments of rock, course each other rapidly into the open ocean, and thence 
they proceed along the coast of America to latitudes as far south as that of 
Devonshire. By this time they have been most of them sufficiently broken 
and melted to lose their characteristic features, and gradually fade away firom 
observation. From the Antarctic land similar drifts occur to still warmer 
latitudes, and very large floating bergs have been seen off the Cape of Good 
Hope, one of which is mentioned as having been two miles in circumierence, and 
one hundred and fifty feet high, while others, if not of such great area, rose 
from two himdred and fifty to three hundred feet above the sea, and were 
therefore of great volume below. 

The climate in high southern latitudes is, however, extremely severe 
compared with that of the northern hemisphere, since in Sandwich land, in 
latitude 69^ S., corresnonding in parallel to some parts of Scotland, the 
country was described W Captain Uook as covered many fathoms thick with 
everlasting snow, from the summits of the mountains down to the very brink 
of the sea-cliff, and this at the beginning of February, the hottest season of 
the year ; and even in the island of Georgia, five degrees nearer the equator, 
or in the same parallel as Yorkshire, the line of perpetual snow descends to 
the level of the ocean. Still ftirther towards the Antarctic Pole, as in the 
sixtieth parallel of south latitude, the temperature of the summer moDths 
ranges between 11° Fahrenheit and the ireezing point of water, so that 
throughout the wide range extending from the two poles of the Earth half- 
way to the equator, there is a constant deposition of gravel and rock, 
removed and conveyed by the agency of ice. This although chiefly known 
in its effects in the northern hemisphere, must be far more considerable in 
reality towards the south, since the most southern glacier, which comes 
down to the sea in Europe, is nearly twelve hundred and fifty miles 
nearer the pole than those which are found on the west coast of South 
America ; but evidence is not wanting of enormous results in that part of the 
world also, gigantic boulders occurring in the islands of Tierra del Fuego, 
on the high plains of Santa Cruz, and on the island of Chiloe, associated with 
a great imstratified formation of mud and sand, containing rounded and 
angular fragments of all sizes. In the vast ocean along which these bergs 
and islands of ice are conveyed, there must be distributed an enormous 
deposit of such materials, which are continually added to and occasionally 
reach the surface, as the undulations of the Earth's crust present new surfaces 
to the denuding and levelling power of the waves. 

87 Changes produced by the erodina Action of movina Water. — ^Running 
water, whether tne occasional result of rain recently fallen, and making its 
way to some continuous stream, or consisting of the stream of water itself in 
its progress to the ocean, exercises partly by simple attrition, and partly by the 
abrasion of sand carried aJon^r by it, a very considerable mechanical action. This 
action is twofold, either being of the nature of erosion, or the eating out a 
channel for the progress of 9ie water, or else involving the deposit of mud 
and stones, tending to fill up the bed of a river, a lake, or an estuary. The 
waves of the sea beating upon a coast, whether produced by wind or by tidal 
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action, also produce a cousiderable amount of destruction, and marine 
currents eat out, from time to time, very large quantities of matter from the 
sides and bottoms of the channels through which they run, especially when 
these are soft, or when the current is rapid or steady. The eroding power of 
numing water is sometimes seen in connexion with great floods in different 
parts of the world, as well as in ordinary river streams and marine currents, 
W the power is chiefly manifest in the beds of streams. A few facts, 
illastrating the nature of the results, will be interesting and instructive. 

The rapidity with which even the smallest streams hollow out deep 
channels in soft and destructible soils, is well exemplified in volcanic countries, 
where the half-consolidated ashes present but slight resistance to the torrents 
which flow down the mountain sides. Sir C. Lyell mentions some interesting 
examples of this kind in his Principles of Geology, (seventh edition, page 200, 
et seq.) Amongst them he states, that after the eruption of Vesuvius in 1824, 
heavy rains produced streams of water, which, in three days, cut a new chasm 
through strata of tufl* and ejected volcanic matter, to the depth of twenty-five 
feet. He also quotes the case of the Simeto, the largest of the Sicilian 
rivers, which, in the course of about two centuiries, has eroded through lava 
a passage firom fifty to several hundred feet wide, and in some places from 
forty to fifty feet deep. A remarkable instance of the force of water eating 
its way through a very considerable thickness of rock is mentioned also by 
Sir Thomas Dick Lauder, in his account of the great floods of Morayshire, in 
August, 1829. He states, that in one spot, the river Dorback, which before 
the floods swept round a conical-shaped hill, in a course of seven hundred and 
thirty yards, leaving a narrow neck of clayey gravel not more than a hundred 
feet in thickness, had nearly breached its way, but that, during the floods, 
the whole of the neck of land was likely to oe destroyed. In order to save 
this, the river was assisted in its operations by human agency, and by one 
blow of a pick-axe the barrier, reduced to a dam of a foot Siick, and just of a 
sufficient height to sustain the water, was burst at once. In the course of 
fifteen or sixteen hours, the channel was converted into a wide and complete 
river course, and within four-and-twenty hours the river had worked its way 
back to the depth of eight feet below the level of its old bed, now a dry 
channel. By the next February, the new channel was twenty feet below the 
level of the old river bed. 

By far the most striking example, however, of this action of water, 
Juad of the progressive excavation of a deep valley in solid rock, is seen in the 
river and Falls of I^iagara. The river flows over a flat table-land, in a depression 
of which Lake Erie is situated : where it issues from the lake it is nearly 
a mile wide, and is three himdred and thirty feet above the level of Lake 
Ontario, into which it empties itself at a distance of about thirty miles. For 
the first fifteen nules the surrounding country is almost on a level with its 
banks, and the river glides along vrith a clear and tranquil current, falling 
only fifteen feet in as many miles. Approaching the Bapids, it rushes over a 
rocKy and uneven limestone bottom, and is then thrown down perpendicu- 
larly one hundred and sixty-five feet into a ravine, varying from two hundred 
to four hundred yards in width, and from two hundred to three hundred feet 
in depth. The river continues through this gorge in the table-land, for a 
distance of about seven miles, and the table-land then terminates in a long 
line of inland cliff facing towards Late Ontario. On emerging from the 
gorge, the river proceeds, for the rest of its course, into Lake Ontario, through 
a flat country, nearly on a level with the waters of the lake. In this case, 
the structure of the rocks which form the table-land is such as to render it 
perfectly clear, that the falls have gradually receded from the escarpment, or 
cliff of the table-land, to their present position, and that they must, in the 
course of time, reach the upper lakes. When that is done, the water will 
have worn for itself a complete channel, not much imlike some of those water- 
worn ravines met with in other coimtries, the result of similar mechanical 
force acting at an earlier period of the Earth's history. 
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The mecbanical action of water on exposed cliffs is sometimes very 
strikingly illustrated, as well directly on the rock exposed to the ceaseiess 
dashing of the wares, as indirectly wnen rocks are nndermined, and then fau 
by the action of graviiy. Of tne former, innumerable examples are to be 
found along almost eyery extended coast line in the world, while the under- 
mining acnon, if not so widely traceable, is in many cases much moie 
effiectuaL 

The prevalence of strong westerly gales coming in from the Atltmtie, and 
driving large waves upon the north-western coast of the British Islands, has 
broken the hard rocks of the Shetland Islands and those on the west coast of 
Scotland into deep caves and lofty pinnacles, so that almost every promontoiy 
ends in a cluster of rocks, the fragments of the former land. A suolime scene 
of this kind is described by Dr. Hibbert as occurring in the Shetland Islands, 
in what is called the Grind of the Navir, where a mural pile of porphyry, 
left as the last rampart against the inroads of the ocean, has been 
breached through in spite of its extreme hardness by the repeated assaults of 
the waves, and the breach is widened every winter, large stones being sepa- 
rated from its sides, and carried along to a distance of as much as 180 feet 
The fantastic forms that are observed in the isolated granitic rocks in the 
whole of this district are due to the devastation thus nroduced, and ike 
islands at first separated from the main land, and afterwaras torn to pieces in 
this manner, must ultimately be carried away to form new beds at4lie bottom 
of the deep ocean. 

On the east coast of Scotland, although more sheltered, the waves have 
produced great devastation ; and in Yorkshire and Norfolk, the wearing of 
the coast has proceeded to a very considerable extent, even within such time 
as the position of towns and villages on the coast is recorded by historical 
documents. 

Almost the whole coast of Yorkshire, from the mouth of the Tees to that 
of the Humber, is in a state of general dilapidation ; and it is only at a few 
points that the grassy covering of the sloping talus marks a temporary relaxa^ 
tion of the erosive action of the sea. The chalk cliffs are worn into caves 
and needles in the projecting headland of Flamborough, and between that 
promontory and Spurn Point, the waste is extremely rapid, while Spurn 
Point itself threatens some day to become a mere island ; m which case, the 
ocean entering the estuary of the Humber, must cause great mischief. 

In old maps of Yorkshire, many spots are marked as the sites of towns and 
viQages, which have long since disappeared. Several towns of note, upon the 
Humber, are now only recorded m history ; and a port which was so con- 
siderable in 1332, that Edward Baliol and the confederate English Barons 
sailed thence to invade Scotland, and which in 1339 was selected by Henry the 
Fourth to land at, to effect ^e deposal of Eichard the Second, is now 
represented by an extensive range of sands, dry at low water. In 
Norfolk, also, the decay of the diffs is incessant and rapid. Between 
Weyboume and SherringhMU it was computed, in 1805, that although the sea 
was gaining upon the cliffs, a period of seventy years would be required for 
the sea to reach the spot where an inn was biult. In the year 1829, however, 
only a small garden was left between this building and the sea, seventeen 
yards having been swept away within.the previous five years. At one point in 
the harbour of Sherringham, there was a depth of twenty feet in 1829, where 
forty-eight years previously there had been a cliff fifty feet high, with houses 
upon it. On the same coast, also, and near the same spot, several villages 
have disappeared, and large portions of parishes on tne coast have been 
swallowed up. A little further to the south, a village has been partly swept 
away during the present century ; and the town of Dunwich, wluch is now a 
small village, without the vestige of any better condition in former times, was 
once the most considerable port on this coast. Other parts of the east coast 
of England, and the mouth of the Thames, exhibit similar phenomena ; the 
Goodwin Sands being, doubtless, a remnant of land once projecting beyond 
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the chalk cliffs of the Kentish 6oast at Bamssate, while the cliffs themselyes, 
a little ftirther to the south, are continuafly and rapidly being removed. 
Without dwelling farther on these accounts, which, however, are not only 
interesting but highly instructive as exemplifying important physical 
changes, we may conclude, so far as the British islands are concerned, by 
mentioning, and with some respect, the reports universal in the south- 
western extremity of our island, of a tract of land having extended beyond the 
present Land's End in Cornwall for a distance of nearly thirty miles to the 
Seilly Islands, though the intervening channel is now 300 feet deep. 
Accounts of the fragments of ancient pottery, and even portions of houses 
brought up by dredging, certainly lend some show of probability to this 
tradition, even if they cannot be regarded as altogether conclusive. 

It may well be imagined, and is certainly the case, that our own coasts 
are not the only ones subject to great alteration from the beating of the 
waves, and the ceaseless inroads of the sea. The power of water to destrcy a 
coast line, is even more distinctly exemplified where the coast is low and nat, 
as in the case of Holland ; for there large tracts of land, and whole islands, 
have been removed at a single inundation ; and in one case no less than seventy- 
two villages were overflowed in one season, (in 1421,) thirty-five of which 
were irretrievably lost and disappeared for ever, their place having been 
since permanentlv occupied by a sheet of water, called the Bies Bosch. 

The bed of the Zuyder ^ee, also, was in the time of Tacitus a portion of 
the mainland, only partly covered with fresh water, but the sea has entirely 
obliterated the former isthmus, which is now changed into a water passage, 
more than half the width of the straits of Dover, the breach being first com- 
pleted about the year 1282, and afterwards widened. The important delta of 
the Ehine, although rapidly increasing in some places by the continued accu- 
mulation of solid matter, is thus greatly checked and interfered with by 
the ocean, which removes, in many cases, in a very short time, what has 
perhaps taken very many years to be deposited. Of all the United !ft?ovinces, 
Friesland and Groningen have suffered and continue to suffer most from 
these floods. Exposed to the frdl rage of the north, north-west, and west 
winds, the waters of the an^ry Atlantic and Polar seas rush towards these 
provinces, pour through the inlets of its barrier-reef— the Helder (Hels-deup 
—hell's door), the Vlie, and the more northern gates — ^heap themselves upon 
the inland Zuyder Zee, burst or overtop its dykes, and spread themselves over 
the country, sometimes to the very borders of Hanover. On these occasions 
thousands of men and cattle perish, the gates of the barriers become widened, 
and the dominion of the inland sea enlarged. 

Thus, in 1230, a hundred thousand men perished, chiefly in Friesland. 
In 1277, the tract of land which now forms the Dollart, was swallowed up. 
In 1287, the Zuyder Zee was enlarged, and eighty thousand persons 
destroyed, with cattle innumerable. In 1395, the passage between Vlieland 
and the Texel and Wieringen became so widened, that large ships could sail to 
Amsterdam. In 1470, twenty thousand men were swallowed up, nearly all in 
Friesland; and in 1570, an equal number in that province alone. In the latter 
year, the water rose six feet above the dykes, covered even higher parts of 
the country with seven feet of water, and in Groningen destroyed nine 
thousand men and seventy thousand cattle. In 1686, it rose eight feet 
above the dykes, destroyed six hundred houses, dug the dead out of their 
graves, and converted friesland into one wide sea. The seventh Christmas 
uood, in 1717, caused still wider damage in these northern provinces, burst 
through most of the dykes, laid the town of Gfroningen several feet under 
water, and destroyed twelve thousand men, six thousand horses, and eighty 
thousand sheep and cattle. And the struggle has not even yet ceased ; for 
when the winds and floods conspire to increase the volume of water over the 
horizontal tract near the river's mouth, no human agency can prevent the 
destruction that must ensue. 

In other parts of Europe, history records invasions of the sea not less 
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extensive and scarcely less disastrous than those &om which the Netherlands 
have so often snfiered. Thus, in the eighth century, a tract of land was 
carried away on the north-west coast of JPrance, near Mont St. Michel, and 
connecting mat high land with the main coast ; and in the Bay of Biscay the 
sea has in some places advanced so as to have destroyed a oreadth ot two 
miles of coast within a centurjr. 

At the head of the Adriatic there was a town anciently called Adria, and. 
said to have been built on the sea shore by a leader of the ancient Etruscan 
race, about the time of the Trojan war. The present town, standing on the 
rubbish of two others, is now nearly sixteen mues from the nearest mouth of 
the river Tartarus, probably the oldfest bed of the Po, and now terminating six 
mUes within the farthest point of land projecting into the sea. Of late years, 
in making excavations at the depth of several leet below the present surface 
of the town, a former level was round, with numerous fragments of Etruscan 
and Soman pottery; and at a still greater depth, a second floor, where all 
the earthenware fragments proved to be Etruscan alone, and there were 
vestiges of a theatre. (P) In these facts, both the raising of the soil and 
progress of alluvial deposits are demonstrated, in waters but little disturbed 
by marine currents, ana within a space of 3000 years. 

Many other points on the coast of Europe would give abundant evidence 
of similar kind, but these are sufficient to prove how extensively the eroding 
power of water may assist to modify, not only a coast line, but the country to 
some distance inland. 

On the shores of the two Americas, in various places, we have evidence of 
change to an enormous extent. The tidal waves and the marine currents 
have thus acted on the north-western coast, and the vast extent of sandy 
alluvial territory from the Gulf of Mexico to the sunmut of Long Island 
appears as if it were a late deposit, in part the debris of the Mexican and Carib- 
bean portions of the continent, earned north, and thrown off when the Gulf 
Stream was formed. At the mouth of the Mississippi, the sea, of small depth 
along the whole coast, continues to recede before the delta of the river ; and 
the Florida and Carolina shores, northward, form a series of lagoons on the 
ocean side. The stream rushes onwards in a north-east direction, and with 
a gradually decreasing velocity and temperature, (though both are still very 
perceptible off New York,) until it is nnally neutralized at Nantucket, and 
the last particles of deposit suspended in it are precipitated to form the banks 
of Newfoundland. A continent torn asunder and washed away could alone 
furnish the immense alluvial surface and submarine banks here noticed. The 
rivers of the United States and Canada are not of a nature to have added 
more than feeble deltas, such as that of the Hudson at Sandyhook. 

The shores of the Arctic Ocean between Asia and America and the 
intervening^ shallow sea offer proof of recent incursions of the sea in this part 
of the glooe, and under circimistances where the change from other causes 
is likely to be rapid. There can be little doubt that the breach between the 
two continents, if not actually made, has been, at least, greatly widened by 
the action of currents setting southwards from tlie Polar Sea. 

The mere action of the waves at the mouths of the great rivers both of 
Asia and America is unauestionably very considerable, but it belongs rather 
to the transporting and distributing action than the mere destructive force of 
this agent, and this will come xmder consideration in the next section. 

It IS sufficient now to remark, that all over the world there is a perpetual 
destruction of everjr exposed fragment of solid matter, and that, in this way, 
the modification or coast lines has been large, even within the narrow limits 
of human and recorded observations. 

88 The Transporting and DistribuUng JEffects of Moving Water. — The 
running waters of a river convey along with mem the particles removed from 
their immediate banks, and the coun&y over or near which they pass ; and 
the quantity of matter thus carried along, and consequently the rapidity 
with which it may form such deposits, varies with the letgth of its course. 
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the volume of its waters, the nature of the country through which it flows, 
the velocity of its own upper current, the quantity of rain which falls in a 
given time in the regions from which its waters come, and the violence or 
rapidity of descent wma. which they fall from the heavens. Thus, a thousand 
gallons of the waters of the Oxus, when in flood, are said to hold in sus- 
pension two hundred and flfty pounds of mud (Bumes); of the Yellow Sea, 
mty pounds (Staunton); of the Ganges, twenty-two pounds (Everest); of 
the river Wear, in flood, sixteen pounds (Johnston); ot the Mississippi, six 
pounds (Eiddell), and of the £hine, at Bonn, two-thirds of a pound, according 
to Mr. Homer. 

There is, no doubt, considerable uncertainty as to the absolute correctness 
of these numbers. They show, however, that the transporting power of 
rivers varies verv much, and is sometimes much greater than we should have 
supposed or could anticipate. Even the small proportion of matter brought 
down by the Ithine is equal to 146,000 cubic feet of solid matter in twenty- 
four hours ; so that, in two thousand years it would form a bed of rock three feet 
thick and thirty-six miles square. It is by this sediment that the low banks 
of the Ehine, where it is beyond the reach of the tide, have been gradually 
raised and niunerous channels fiUed up, and by these means also the islands 
at its mouth have been in great part formed. 

Such is the origin of ailuviarsoil, properly so called, and in this way are 
produced those rich sea-bordering clays, whose fertility is such as to induce 
men to risk disease in swampy chmates, and expend imwearied toil in 
snatching them from the watery dominion, and defending them by huge 
dykes, which are too often destroyed by the subsequent incursions of the sea. 

This transporting power of water is, of course, seen chiefly in those rivers 
which bear down to the sea a considerable volume of water from high 
mountain districts. Many of the European rivers possess the required 
conditions, and produce by their deposits very considerable additions to the 
land or the adjacent bed of the ocean, and amongst them the river Po may 
be mentioned as having within the last few centuries frequently changed its 
course, causing g[reat devastation. This river has also produced great 
accessions of land in that portion of the Grulf of Trieste in which it and the 
Adige (to which its delta is now united) empty themselves. The rate of 
increase of this delta is now, and has been for some time, much more con- 
siderable than in the middle ages, the mountain torrents having become more 
turbid since the clearing away of the forests of the Alps, and the waters being 
so far confined by artiflcial embankments that they no longer spread over 
the plains, and leave there the great accumulations which they have obtained 
in their course, but convey everything at once to the sea. It is calculated 
that the mean rate of advance of the delta of the Po, between the years 1200 
and 1600 was about twentv-flve yards per annum, but that the mean annual 
gain from the latter period to the present time has been as much as seventy 
yards. The delta of the Bhone oflers another interesting example of the 
rapid increase of land at the mouth of a river within the historic period, and 
at the same time the partial filHng up of a great lake. The Shone, entering 
the Lake of Geneva at its upper end, is turbid and discoloured, but at the 
town of Greneva, where it passes out of it, is beautifully clear and transparent. 
As there is no perceptible current in the lower part of. the lake, it is manifest 
that the mud and sand brought in by the river must be deposited; and as a 
proof that this deposit chiefly takes place at the head of the lake, we And 
there an ancient town, built by the itomans, which was once situated at the 
water's edge, but now, after ei^ht centuries, is more than a mile and a half 
inland. But the Shone receives tributary streams, bearing with them a 

E large quantity of sediment, after it has passed Geneva ; and thus, besides 
artial]^ filling up that lake, it carries with it into France, and at length 
javes m the Mediterranean, a very large quantity of mud and silt. There 
are many documents which prove that the case of the delta has advanced 
into the Mediterranean very considerably within the last eighteen centuries. 

82 
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Places which are described as islands a thotLsand years a^o, and harbours 
constructed at that period, are now from three to six miles from the sea, and 
even a tower erected on the shore so lately as the year 1737, is already a 
mile remote from it. 

The delta of the Shine is, however, much more considerable than that of 
either of the rivers hitherto mentioned, and exhibits abundantproof of change 
by the increase of certain parts of it, and the constant shifting of the channds 
through which the river flows. The occasional encroachments of the sea, and 
the still further removal of the mud brought down by the river also tend to 
alter the delta. The present head of the delta of the Bhme is about eighty miles 
from the general coast line of that part of the continent, and forty miles from 
the Zuyder Zee. The whole of Holland, without exception, is on the delta 
of this river, and the thickness of the mud accumulated is verv considerable, 
although the nature of the deposit varies a little at diflerent depths. Many 
islands have been destroyed, new straits and estuaries formed, and the coast 
line greatly altered by the sea within a comparatively short period near this 
important stream. The Danube and the Nue afford other examples of the 
fiame kind and on even a larger scale. The delta of the former river occupies 
an immense area, its two extreme channels being distant from each other 
eighty miles; but the case of the Nile is still more remarkable, its delta occii- 
pying, with the lagoons, an area of 20,000 square miles, within which are 
contained all the cmtivated lands of Egypt. The form of this delta, as described 
by the ancients, is, however, exceedingly different in almost every respect from 
that which is now to be observed, and the magnitude is also very different. 
It hacr always consisted of a perfectly level plain, nowhere offering the 
smallest natural elevation, with the exception of a few sand dunes near the 
sea. The soil of the delta is everywhere formed by the alluvial matter 
brought down by the river, and this each year is covered by a fresh coat 
when the annual inundation spreads over the land. 

But considerable as are the deltas of these European and African rivers, 
those of Asia and America are still more remarkable. The Ganges and the 
Bramahpootra have been already mentioned as entering the Bay of Bengal 
through a considerable tract of country entirely formed by the mud which 
these rivers have brought down from the mountain country and the plains 
which they drain. The delta of the former of the two rivers, which is now 
continuous with that of the latter, extends for 200 miles between the two 
principal arms of the Ganges, which bound it on each side. When the river 
IS low, the tide extends even to the head of the delta, a distance of 220 miles, 
in a direct line from the coast, but when swollen by the tropical rains the 
velocity of the stream is sufficiently great to counteract the tidal current, so 
that the movements of the ocean are lutogether subordinate to the force of the 
river. We have thus during different periods of the year two distinct 
operations produced by the action of water. During the flood season, the 
delta increases greatly m height and area, while during the rest of the year 
the ocean scours out the channels and removes very extensive alluvial plains. 
The amount of deposits necessarily depends on the quantity of mud held in 
suspension by the waters of the river, and as in almost all respects the Ganges 
is favourably situated for receiving and conveying to the ocean very large 
quantities of transported material, the rate of mcrease might be expected to 
be, and is, more considerable than in almost any other river. In point of fact, 
the average quantity of solid matter suspended in the water near the mouth 
of the river during the rainy season has been estimated by Mr. Everest to 
amount to ^i^th part by weight of the water discharged. As the number of 
cubic feet of water discharged per second in the four rainy months may be 
estimated at half a million, it is easily shown by calculation that during the 
himdred and twenty-two days of rain, upwards of six thousand millions of 
cubic feet of mud must proceed down the river and be deposited in or near 
the delta. It is difficult to form any notion of the true meaning of numbers 
BO large; but in order to assist the imagination, Sir C. Lyell has estimated that 
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this quantity of solid matter is equal in weight to fifty- six and a lialf times the 
ereat pyramid of Egypt if that were a solid mass of granite.* It will also assist 
Vie reader to form an idea of this quantity to know that if a fleet of eighty 
Indiamen, each freighted with fourteen hundred tons weight of mud, were to 
sail down the river every hour of every day and night for the four months 
oontiiiuoasly, they would only transport from the higher country to the sea 
amass of matter equivalent to that actually conveyed by the waters of the 
river. It is probable that the waters of the Bramahpootra convey annuaHy as 
much solid matter to the sea as those of the Ganges, but the delta is not so 
considerable. 

The river Mississippi also exhibits on a very large scale examples of the 
power of running water, both in filling up lakes and forming an extensive 
l)elta. The superficial dimensions of the true delta of this gigantic river 
amount to as much as about 14,000 square miles, and the quantity of solid 
matter annually brought down by the river is nearly four thousand millions of 
cubic feet. As the mean depth of the deposit of mud and sand is upwards of 
500 feet, it would thus appear that the whole area might have been formed 
as we see it now in a period of about 67,000 years, but the delta is itself 
only a portion of the great alluvial plain in which it is placed, and this plain has 
also been formed by the sediments of the river, and must have required at the 
same rate more thaji 33,000 years for its accumulation. Sir C. Lyell has well 
observed, in reference to this subject, that the whole period during which the 
Mississippi has been transporting its earthy burden to the ocean, though, 
perhaps, far exceeding 100,000 years, must be insignificant in a geological 
point of view, since theblufb or cMs boimding the great valley, and therefore 
older in date, and which are from 50 to 200 feet in perpendicular height, 
consist in great part of loam containing land, fluviatile and lacustrine shells, 
of species stiU inhabiting the same country. 

The Mississippi is remarkable not only for its delta, but also because in 
various parts of its long course, some considerable lakes are now in process 
of formation, while others are being rapidly drained. The most considerable 
example of the former phenomenon occurs in Louisiana, in the basin of the 
Bed Kiver, where Lake JBistineau, as well sa several others, have been formed 
by the gradual elevation of the bed of the river, in which the alluvial 
accumulations have been so great as to raise its channel, and cause its waters 
during the flood season to flow up the mouths of many tributaries, and 
conv^ parts of their courses into lakes. Sometimes these lakes are merely 
reservoirs, alternately emptied and filled in the dry and flood seasons ; but in 
other cases, some natural or artificial obstacle nrevents the efflux of the 
water, and produces a permanent lake. The La&e Bistineau, already men- 
tioned, is of this kind : it is upwards of thirty miles long, and has a medium 
depth of fifteen to twenty feet. Numerous cypress trees are seen even in 
the deepest parts, still standing erect under water, although they are now 
dead, and the tops of most of them are broken by the wmd. It is indeed 
possible that subterranean movements may have assisted in the production 
of some of these lakes, but the causes mentioned appear to be the most 
important. 

89 Changes p^roduced hf Water acting by the Aid oj^ Substances held in 
Solution, — Springs of water charged with calcareous or siliceous matter may, 
under some circumstances, produce an eflect by no means inconsiderable, 
especially in volcanic districts. Although, therefore, the total amount of the 
results tnus produced is not very great, their local extent renders them 
worthy of a passing notice. 

Auvergne, in central France, ofiers an example of calcareous incrustations 
and deposits from springs, which have formed an elevated mound of white 



* The 1»a8e of tbui pyramid coyen eleven acres of ground, and its perpendicular height 
is ahoat 600 feet. 
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limestone, two hundred and forty feet long, and at its termination sixteen feet 
high, and twelve wide. Tuscany presents other examples of the same kmd; 
so that in some places of considerable extent the ground is completely coated 
with deposited rock of this kind, and sounds hofiow beneath the feet. The 
river Elsa, a tributary of the Amo, flows through a valley several hundred 
feet deep, of which me whole containing district is of tne same recently 
formed rock. 

At the baths of San Yignone and San FUippo, also in Tuscany, springs 
issue of warm temperature, containing salts of lime and magnesia; and 
deposits of calcareous matter of very great thickness, occur in the immediate 
vicinity : one stratum of many layers, used as building stone, having a 
thickness of fifteen feet, and a portion of the main deposit descending in a 
different direction to the rest, being more than two hundred and fifty feet long, 
and sometimes two hundred feet deep. It is then cut off abruptly oy a srnali 
river, so that a much larger quantity of calcareous matter than that deposited 
has evidently been removed to the sea. 

Other streams, as in the Azores and the volcanic island of Iceland, 
consisting of greatly heated water, contain, held in solution in the water, a 
very large quantity of silica, and, indeed, more or less of this minend is 
probably present wherever there is any quantity of the salts of soda in 
solution. 

The silica in water is sometimes, but rarely, deposited, like the calcareous 
matter, in layers, producing chalcedonic masses, which often resemble sttdac* 
titic and staJa^mitic incrustations, but more frequently it assists in cementing 
various materials aggregated together, and thus forming stone from loose 
sand and the conglomerates and breccias of various districts. 

oo Indirect i!ffecis produced by Water.-^ln. addition to these examples 
of uie direct action of moving water, in conveying to a distance fragments 
broken off from cliffs, or displaced by the more gentle action of rivers, it is 
worth while to notice, before concluding this chapter, some less direct results d 
aqueous action which assist greatly in producing change. Land-slips in which 
considerable tracts fall away from a coast by the undermining action of water 
are phenomena of this kind, but they have reference rather to the structure 
of the Earth than to the actual mecKanical force of waves and currents. In 
the year 1839, an extraordinaryoccurrence of the kind took place on the coast 
^ Dorsetshire, between Lyme-Regis and Axmouth. The cliffs here consisth^ 
of chalk, reposing first on sandstone, and then on loose sand, have for their 
ultimate basis extensive beds of clay, shelving towards the sea. Numerous 
springs of water, the drainage of the surroun£n^ country for a oonsiderable 
distance inland, came out uong the shore, and m the course of an exceed^ 
inglj wet season, so much of the sand had been removed, that a considerable 
portion of the cliff was partly undermined, and on the morning of the 24ih 
of December, in the year mentioned, a crashing noise was heard, succeeded 
by numerous fissures opening in the ground, until a deep ravine was formed, 
extending nearly three-quarters of a mile in length, with a depth of from a 
hundred to one hundred and fifty feet, and a breadth exceeding two hundred 
and forty feet ; and, after a short time, an elevated ridge was formed more than 
a mile in length, and forty feet high, by the pressure of the descending rocks 
producing an extended reef in front of the present range of cliffs. 
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CHAPTER VII. * 

THE CONDITION OF THE INTERIOR OF THE EARTH AND THE 
REACTION OF THE INTERIOR ON THE EXTERNAL SURFACE. 

§ 91. Means of obtaining a knowledge of the Earth's interior. — 92. Internal temperature of the 
Earth as determined by deep sinkings. — 98. Thermal springs. — 94. Volcanoes. — 95. Vol- 
canic prodocts. — 96. Distribution of volcanoes. — 97. Subterranean connexion of distant 
volcanoes. — 98. C!onnexion of volcanoes with earthquake action. — 99. Nature of earth- 
quake movements. — 100. Frequent repetition and wide range of earthquake action. — 
101. Permanent change of level accompanying earthquake action. — 102. Origin of earth- 
quakes. — 103. Partial, but permanent, elevation at a distance from volcanoes. — 104. De- 
pression over large areas. 

'AJTEANS of obtaining a Knowledge of the Interior of the Earth. — ^We 
jyL have now considered in succession various phenomena connected with 
the Earth's surface, including the atmospheric and watery oceans reposing on 
the land, and also some of the mechanical results of the mutual action of the 
different forms of matter presented to us : we have next to describe the con- 
dition of the Earth's crust, or, in other words, to give an account of the actual 
solid substance of so much of the superficial coating of our globe, as it is 
possible for us to become acquainted with, either by mrect observation or fair 
induction. The observations required are of various kinds, but cannot, under 
any circumstances, have reference to such a depth from the mean level of the 
surface, as will justify us in assuming with certainty the condition of the great 
mass of the interior of the Earth, oince, however, we have in nature many 
ppportunities presented to us for determining l^e Earth's structure for a 
depth of at least several miles, owing to the fact that various portions have 
been thrust up from beneath by subterranean force; and that by natural 
crevices and fissures in various rocks and by artificial sinkings to obtain 
mineral produce, by regarding the structure oi cliffs, both marine and inland, 
and by marking the nature of soils and their relations with the underlyiojg 
rocks, we have many means of determining facts as to the materials of this 
crust and their mode of arrangement, it oecomes a very essential part of 
Physical Greo^aphy to consider the state of the interior of the globe in various 
parts of the Eartn, whenever observation will allow us to do so. 

02 Internal Tem^eratv/re of the Earth as determined hy Deep Sinkings. 
-y- Whenever there has been an opportunity by sinkings made to any con- 
siderable depth below the Earth's surface to determine the temperature, it 
has been found that while at the surface, the mean annual temperature is 
more or less widely departed from in different parts of the year, according to 
local circumstances, this variation becomes less and less considerable as we 
descend ; so that after a time we arrive at a certain point, to which the heat of 
summer, and the cold of winter, do not in any degree penetrate, but the 
thermometer shows throughout the year the same point-^namely, the mean 
annual temperature at the surface. This point is at different depths in 
various parts of the Earth. In the torrid zone, under the equator, it is often 
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not more than a foot from the surface, in our own climate it is from taxtj to 
sixty-fiye feet ; and thus connecting such points beneath the external surface 
of uie Earth, there is also an imaginary surface or stratum of inyariable 
temperature, aboye which the seasoiuil changes are felt, but below which any 
obseryations that can be made must be supposed to haye reference to the 
absolute temperature of the Earth. 

It is not, noweyer, necessarily the case that we can, from such obseryations, 
judge of the true condition of the Earth at great depths. The yast period of 
time during which the sun has been shining upon our globe, and oom- 
municatiiig, in whateyer way, heat as well as Eght ; the amount of chemical 
change unquestionably going on beneath the surface, excited by terrestrial 
magnetism ; and other causes, of whose mode of action we know indeed but little, 
but which are not the less certain and important, and which certainly prodnoe 
great molecular diange : — ^these may haye been sufficient to produce a certain 
amount of heat, which, howeyer slowly it is propagated through so bad a con- 
ductor as the materials of the Earth'« crust, may in the lapse of time have 
giyen to the mass, at least to some considerable distance in depth, an absolute 
temperature much higher than eyen the mean annual temperature of the 
tropics. Bearing in mmd this possibility, it may be mentioneo, as the eeneral 
impression and l^lief amongst those who haye inyestigated most care^y the 
facts of the case, that the internal heat below the stratum of inyariable tem- 
perature, may really be considered as a guide to the condition of the interior of 
the Earth ; and when, therefore, we £bid, as we do, that in descending below this 
stratum, the temperature gradually rises, increasing pretty regularly for some 
distance at the rate of 1° Fah. for eyery forty-nye ^et of depth, there 
appears reason to suppose that at a comparatiyely small distance from the 
surface of the Earth towards its centre, there must be heat sufficiently great 
to reduce to a state of fusion eyen the most refractory of those masses which 
present themselyes as rocks at less considerable temperature. Assuming that 
the increase continues regularly in the same ratio, we should reach the boiling 
point of water at about two miles depth, and at a depth of twenty-four miles we 
should arriye at the melting point of iron. Now, when we consider that the 
Earth's diameter is nearly eight thousand miles, we shall see how little it is 
possible to judge of the state of the interior, eyen with the assistance of the 
conclusions drawn from such obseryations as haye been mentioned ; but it 
should be obseryed that the experiments upon which these conclusions depend 
are yery numerous, and haye been yery carefcdly made, and depend not 
merely on such deep sinkings as are connected with mines, but also on 
Artesian borings, in which the temperature of the water is found to be constant^ 
and seems entirely deriyed from passing through the strata of the Earth. 

The experiments alluded to, do not exhibit a result absolutely uniform; 
the increase of temperature is by no means the same for the same depth, 
eyen in mines in the same district ; and while the mean rate of increase in six 
of the deepest coal mines in Durhajn and Northumberland is one degree Pah. 
for a descent of forty-four English feet, it appears to be only one degree for 
eyery sixty-fiye feet m some of the deep mines of Saxony ; while in others, in 
the same district, it was necessary to descend thrice as far for the some 
amount of increase. In Cornwall, careful observations, continued for eighteen 
months in the Dolcoath mine, at the depth of 1380 feet, gave as the rate of 
increase one degree for each seyenty-fiye feet ; but in oSier mines, in the 
same district, yery different results are obtained.* On the whole, there is no 
doubt, from the irregularities manifested in every extensiye series of observa- 
tions, both in the absolute and relative increase of tihe internal heat of the 



* In Ireland, observations made in the Knockmahon copper mines, in the oonnty of Water- 
ford, the mcrease, after making every allowance for the vidnity of the sea, was foimd in 774 
feet, to be only at the rate of one degree for nearly 83 feet. It was found that the tempera- 
ture was slowly diminishing, and remained more considerable in the lode than in the oonta^iing 
rock. — Report o/Britith Attociathn for 1844, p. 231. 
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Earth at considerable depttis, that up to the present time, no general law can 
be considered as applicable, and therefore no general conclusion can be safely 
arriyed at. Even the fact of the diminishing rate of increase for equal 
increments of depth, although apparently true of depths not exceeding 160 
fathoms, has been called in question by Mr. Henwood, whose observations, 
extending over a considerable number of very deep mines, appear to have 
established the fact, that after 150 fathoms the ratio alters, that depth appear- 
ing, in Cornwall, to present a limit to the continued increase of temperature 
in the same ratio. It also appears to be the case in the mining district in 
question, that this depth in the mines hitherto worked (and in which, there- 
tore, such observations were made,) is also the limit of the principal masses of 
metalliferous deposits, and thus arises a possibility of this minimum of ratio 
bein^, after all, nothing more than a local peculianty, owing to the mode of 
distnbution of metals and metalliferous ores. 

93 Thermal Springs, — Thetemperatureof water obtainedby artificialboring 
has nowhere amounted to more than 82^ Fah., and in this case, at (Grenelle, 
near Paris,) the depth being about 1800 feet, the rate of increase below the 
surface of invariable temperature showed 1° for 60 English feet ; but very 
much higher temperatures than this occur in the water of springs in various 
parts of tne Earth. In England we find, at Bath, water rising through crevices 
m stratified rock at the temperature of 66° Fah. In Germany, the springs 
at Toplitz, Ems, Aix-la-Chapelle, Wiesbaden, Carlsbad, and Borset, (Ix)wer 
Rhine province,) exhibit temperatures of 71°, 81°, 85 J°, 108^ 117°, and 121^° 
respectively; the mean annual temperature at the surface in these districts 
being not far from 50°. At Baden-Baden, where the mean temperature is 
somewhat higher, the hottest spring shows a temperature of 96t°, and at 
Buda, near Presburg, in Hungary, there are springs of 93^° and 95f° 
respectively. In the north of France, at Plombieres, there are springs whose 
temperature is 95f °, and others near Chaumont of 80°. Further south, near 
Aunflac, there is a spring showing 118°; and at Neris, in the department of 
the Allier, one of 89t°. At Thuez, in iiie Pyrenees, water rises at the tem- 
perature of llli°, and at Ax, near Tarascon, 108°. Li Italy, in Piedmont, 
there is a spring showing 107°, and at Abano, near Padua, one of 121°. The 
baths of Nero have a temperature of 121°; at Coquinas, in Sardinia, the water 
attains 98°; and in Ischia there are springs whose highest temperature is 94J°. 
At the base of Mount Olympus, there is a group of thermal springs, the water 
of one of which raises the thermometer to 113°; while in Iceland, and in other 
places more directly adjacent volcanic disturbances, it is not unusual to find 
permanent springs of nearly pure water within a few degrees of the boiling point, 
and even in some cases above it. These springs, for me most part, have been 
flowing without change for a very long period, and occasionally afford good 
evidence that during several centuries mey have remained permanently at the 
same temperature, me quantity of the water also proceeding from them with 
undeviating regularity. This quantity varies of course exceedingly in different 
springs, amoimting sometimes to several hundred thousand cubic feet per day, 
and in others being much more limited. In many, the water is charged with a 
sensible proportion of saline ingredients, but in others it is perfectly pure. 
The fact of there being so many localities, in different and distant districts, 
pouring water from the bowels of the Earth having a temperature higher than 
the mean temperature of the atmosphere at the simace, is sufficient proof that 
there are very widely acting causes of a uniform nature far beneath the 
surface, and tnat these causes may tend to elevate the temperature at those 
more considerable depths to which man ha,s not been able to penetrate. 

It would be improper to omit in this account of the phenomena of thermal 
springs some notice of these magnificent fountains of boiling water to which 
the name of Geysers is applied, and which burst from funnel-shaped hollows 
in the lava plains near Mount Hecla, in Iceland. The great eruptions of this 
fountain seem to take place once in about twenty-four or thirty hours, but 
not with any regularity, the discharge being greatly affected by tne eruptions 
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of the neiglLbonring volcano, and the periods having frequently undergone 
great change. The eruption is described by £jrug von I^idda as being 
preceded by a hollow rumbling sound, and a number of explosions, accom- 
panied by a violent quivering motion in the ground. The author then states, 
that ' having been driven from the spot by this movement, he turned at a 
little distance, and beheld a thick nillar of vapour shooting like an arrow to 
the clouds, and surrounding a boay of water, which rose with a fluctuating 
motion to Ihe height of eighty or ninetv feet, some portions of the fluid 
rising even above this, or streaming in arches firom the cloud. Sometimes the 
steam divided, and exhibited the aqueous column shooting upwards in innu- 
merable rays, spreading out at the top like a lofty pine, and descending in 
flne rain; at other times it closed in thicker darkness round the centre, veiBng 
it from the eyes of the spectator. The eruption continued about ten minutes, 
when the water sank down into the pipe, and the whole was again in repose, 
the basin being completely empty, and the water far down in the pipe, and 
slowly ascending.* * 

With regard to this subject of thermal springs, it is right, however, to 
make the same qualifled remark as that o£^rea at the close of the last 
section. In some places, the temperature of natural springs proceeding from 
considerable depths beneath the surface is not greater tban the temperature of 
the surface, and in some instances is even lower. K we take the case of all those 
springs which may properly be termed thermal, that is, of which the water 
is somewhat warmer than the mean annual temperature of the air at the 
surface, we shall And that whilst many of them occur in districts which now 
present no indications of what are ^eneralljr considered volcanic phenomena, 
on the other hand, there are scarcely any, if any, volcanic districts in which 
hot springs do not abound. Many of those districts, however, in which no 
volcanoes now ajjpear are really and very distinctly marked by volcanic 
phenomena of ancient date, while the rest are almost all of them either at the 
foot, or in the midst of some partially elevated tracts or mountain chains. 
Such moimtains we shall have to prove m a future chapter are connected very 
directly with igneous action, often on a much larger scale than is manifested 
in volcanoes themselves. Even where this is not Qie case, there are jstiU some 
geological phenomena indicating, although more distantly, such fractures and 
dislocations as result from igneous action. 

94 Volccmoes, — The connecting link between thermal springs and 
eruptions of mixed gaseous fluid and solid substances, from conical elevations 
called volcanoes, is considered by Humboldt to be traceable in the so-called 
Salses, or mud volcanoes, of which examples occur in various districts, and 
which combine a number of phenomena bearing upon the general question of 
the condition of the Earth at some disfcance below its surface. One of these 
mud volcanoes was first formed about twenty years ago on the shores of the 
Caspian Sea, near Baku, and in this instance flames blazed up to an extra- 
ordinary height for the space of three hours, and during the following twenty 
hours rose about three feet above the crater, from which mud was ejected, while 
enormous fragments of rock were hurled to a great distance around. But 
such a condition of activity is rarely seen in mud volcanoes, which more usually 
consist of small mounds from eight or ten to thirty feet high, having smafi 
basins on their summits, from whicn mud (generally cold) and ^eous eruptions, 
accompanied by noise, are more or less constantly issumg. For fifteen 
centuries, a Sicilian Salse, near Girgenti, has been in this imerior stage of 
activity; and many others of the same kind are described in other parts of the 
world; the temperature of the mud, and of the gases erupted, being often 
higher than the mean annual temperature of the district. 

True volcanoes are phenomena very diflerent in kind, as well as enor- 



* Erag Ton Nidda, Kar8teu*s Archiv.y ix. 247. See the account of Iceland, Greenland, and 
the Faro Islands, in the Edinburgh Cabinet Library, 1840, p. 69. 
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moofllj ^ater in extent, and we may consider that they involve in every 
case a more or less continuous but permanent communication between the 
interior of the Earth, or some large cavity, and the atmosphere, and although 
such communication may be interrupted for months, years, or even centuries, 
it may afterwards recur with all its original energy. When traces of the 
first eruption exist, the volcano ffeneraUy appears to have risen from the 
middle of a more extended area or circular or elongated form, elevated so as 
to form a cup-shaped cavity or crater, and an isolated cone presents itself in 
the centre of this, having at its summit a similar small hollow, also called by 
the name of crater. As offering a tolerably complete exhibi^on of volcamc 

O, there are, perhaps, no more interesting ajid instructive examples 
ose of Santorin in the Grreek Archipelago, and Kilauea in the Hawaiian 
(Owyhee) or Sandwich group of islands. The former, thirty-six miles in 
circumference, exhibits the form of a large and broken submarine crateriform 
mountain, in parts of which volcanic activity may be constantly observed. 
The latter presents the only well-marked instance on our globe of a large 
deep pit open to the sky, having clear bluff walls for the greater part of its 
eircuit, with an inner ledge or plain raised above the bottom, which consists 
of solid lavas, with some cones of considerable size, and some pools of lava 
in a state of constant and active ebullition. 

A more detailed account of both these indications of volcanic activity 
would prove very useful, in enabling the student to comprehend the sequence 
of volcanic phenomena, but the limits to which we are confined wul not 
allow of this di^ession, and we can only quote the following notice of the 
Volcano (as it is called) of Kilauea, on the southern declivity of the table- 
land of Hawaii, whose elevation is eight thousand feet above the sea, and 
which occupies the centre of the island, measuring fifty miles in length, from 
south to north, and forty miles in its broadest part. ]Near the edges of the 
table-land are three volcanoes, the highest of which, Mouna Kea, is 13,587 feet 
above the sea, and is now extinct. It is near the eastern declivit;^, and is 
opposed by Mouna Boa, which is near the south-west comer, and is 13,175 
feet high, and not in a state of very recent activity, but exhibiting an ancient 
crater not less than twenty-four miles round. On the western edge of the 
table-land is Mouna Huararai, whose height is estimated at 10,000 feet, 
and which is now active. On the southern slope is situated Kilauea, which 
is a depression below the general surface of the slope of somewhat irregular 
shape, witli almost perpendicular sides. The elevation of the slope, ^ere 
this vast pit occurs, is 3873 feet above the sea. The steep descent to the 
crater is interrupted by two narrow plains or ledges, one of which is 715 
feet below the upper simace, and the other about 100 feet. The surface of 
the volcanic lakes is forty-three feet below the last-mentioned ledge. The 
crater contains two lakes, the smaller of which is almost circular and nearly 
1000 feet across — ^the larger is more than 3000 feet long, and in one place 
2000 feet wide. These lakes are vast caldrons of lava, in a state of furious 
ebullition, sometimes spouting up to the height of twenty and even seventy 
feet. The fiery waves run with a steady current at the rate of neatly three 
miles and a quarter per hour to the south, enter a wide abyss, and ultunately 
pour into the sea. This remarkable volcano has, from time immemorial, 
been prodigiously active, though it has not, within the memory of living 
men, been known to overflow except in 1787, when a dreadful eruption took 
place, which lasted seven days. 

Thefre are few other instances of this kind on the globe, in an active 
state. On the surface of the moon there are strictly analogous appearances, 
represented on a much larger scale, some pit craters having been described, 
which measure fr^m 5 to 150 miles in diameter, and 5000 to 24,000 
feet in depth. 

While this simmering and boiling of molten rock, and the formation of a 
erater, is carried on in the large cal(&on-like pits just described, other results 
of volcanic action are illustrated by the formation of conical hills, either in the 
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blister-like swelling of a considerable area, or the rapid accumulation or 
eruption of a single mountain. Thus, we find recorded by Humboldt, a very 
striking instance of such subterranean movement, in the production of the 
district and mountain of Jorullo, in the plains of Malpais, which form part 
of the plateaux of Mexico. These plains are a hundred miles distant 
from the sea-coast, and 2500 feet high, and are bounded by basaltic moon- 
tains. No actiye volcano is near, and the whole occurrence presents a 
view of one of the most extraordinary physical revolutions recorded in the 
history of our planet ; for it is rare, indeed, that man has an opportunity of 
seeing so extensive a change commenced and concluded within a period of 
time so short as that of the ordinary duration of human existence. 

What took place at Jorullo has occurred in former times on an infinitely 
grander scale, not only in those districts where groups of volcanoes now pour 
fortii fire and melted rock, but in a vast number of other places where this 
fire has lon^ since spent itself. The phenomena of volcanoes must he 
considered, men, in reference to those which are extinct, as well as those 
now active; and the distribution of volcanoes becomes of interest, not only 
with reference to the present land, but to the form of the Earth's surface at 
all antecedent periods. We have already mentioned, that volcanoes are 
grouped in two forms, the one consisting of circular areas, in various parts of 
which true volcanic cones arise ; the other, consisting of linear groups, some- 
times continuous for very great distances. The former are exemplified in the 
case already given of Jormlo ; the latter, involving the loftiest and the most 
remarkable phenomena of this kind on the globe, will require separate notice, 
the eruptions that take place from them being on a grander scale, and 
involving more complicated results. 

A v^canic eruption generally conunences with subterranean noise, and 
this is succeeded by dense columns of smoke, impregnated with various 
gaseous substances, often intermixed with a large quantity of aqueous vapour. 
Then follow showers of ashes, sometimes accompanied by large masses of 
rock, which are vomited forth with fearful noise and witn enormous force. 
WhUe these substances are thus being expelled from the hollow cup-like cavity 
at the summit of the cone, which terminates the volcano, melted rock (lava) 
at the same time issues either from a breach in the side of the crater, or 
from some fissure opened on the sides of the mountain. The order of the 
phenomena is not indeed invariable, but this may be considered as a general 
account of an ordinary eruption. In those cases in which the volcanic cone 
rises above the snow Ime, the heat of the mountain immediately before an 
eruption is often so considerable, that the snow melts with extreme rapidity, 
so that the eruption is preceded by torrents of water, often destroying 
houses, estates, and even whole towns, at a great distance from the 
volcano. 

95 Volcanic Products. — To illustrate the true nature and relative 
im]>ortance of these different products of volcanic action, it may be worth 
wmle to consider separately the three very distinct kinds which may be 
designated as gaseous, including smoke and aqueous vapour ; solid, consisting 
chiefly of ashes often in a minute state of division; and liquid matter, con- 
sisting of that molten rock so well known under the name of lava. Vivid 
sheets of flame have been frequently seen during volcanic activity, rising to a 
grest height in the air. Many such appearances of flame are indeed con- 
sidered by Humboldt as bemg due to reflections from burning matter 
Srojected high in the air during the eruption, and to ascending vapours 
Itmiined by the fire within the crater itself, rather than to true flame arising 
from the combustion of hydrogen. In some cases, however, as at Baku, 
there seems no doubt that columns of flame have risen to a sufficient height to 
be visible to a distance of twenty-four miles. 

Under ordinary circumstances, the quantity of steam given off in puffs 
during an eruption is very considerable, and takes place at mtervals of nrom 
twenty to thirty seconds. The greater part of the vapour consists of pure 
water, but gases are also erupted at tne same time, consisting partly of 
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carbonic acid piB, but including chlorine, nitrogen, snlphnretted hydrogen, and 
sulphurous acid. Sulphuric and muriatic acids, together with common salt 
and muriate of ammonia, are mixed occasionally with the pure water. The 
quantity of products of this kind that are thrown out in a single eruption are 
certainly very large, but cannot possibly be estimated; for, in many instances, 
such substances continue to be erupted for a very long period, especially in 
the case of volcanoes of moderate elevation, which thus seem to connect them- 
selves with those instances of almost perpetual activity already described. 
The ashes ejected during eruptions diner greatly in every respect, not only 
in quantity, but also in the mode of eruption, being sometimes reduced to 
such extremely fine dust, that when thrown into the air, they rise tlu*ough 
several successive strata of the atmosphere, in quantity sufficient to oe 
transported by various atmospheric currents to almost equal distances, in 
different and even opposite directions, while at other times they fall back at 
once upon the volcano, assisting to raise its cone to a still greater height. 
In the latter case, the ashes are generally of moderate dimensions, and one 
third of the height of Mount Vesuvius is composed entirely of such material. 
[Examples are not wanting in various parts of the world of the conveyance 
of fine dust from volcanoes to distances which would be incredible, it the 
testimony upon which they are recorded were not beyond sH question; 
and, indeed, the cases are now so numerous, that although far &om being 
easily explained, the facts must be taken as bearing upon me most important 
questions connected with volcanic activity- 

As one of the most recent examples oi this transport of fine dust through 
the air, and one which, although sufficiently extraordinary, is among the 
least marvellous on record, we may mention here, that on the 2nd of Sep- 
tember, 1845, at nine o'clock in the evening, a thick cloud was seen advancing 
with a strong wind from N.W. by W. towards a ship sailing in latitude 
61° N. and longitude 7° 58' W. This cloud, when it reached the ship, 
covered everythmg with ^e dust. On that same day had commenced an 
eruption of Mount Hecla in Iceland, at the direct distance of 500 miles from 
the ship; so that the cloud of ashes must have travelled at a mean rate of 
fifty miles per hour. 

Far more extraordinary accounts than these are recorded of the lofty 
volcanoes in the Andes, and also in some of those in the islands of the eastern 
Archipelago. The volcano of Coseguina, on the west coast of Central 
America, was in eruption in January, 1835, after twenty-six years* repose. 
On the morning of the 20th of that month, a doud rose in the direction of 
the volcano, which, seen at a distance of fiftv miles to the south, presented 
the appearance of an immense plume of tne whitest feathers rising with 
oonsiaerable velocity, and expanding in every direction. From that time to 
the morning of the 22nd, the doud retained this appearance, but then a line 
of intense darkness replaced it. Immediately afterwards, a fine white ash 
was observed to fall, the black line rose rapidly, the light began to fail, and 
darkness commenced, and soon increased so much, that in half-an-hour it was 
blacker than in the thickest night. So intense was the obscurity, that men 
could touch without seeing each other, and the fowls went to roost as at 
night. This state of perfect darkness prevailed during the whole of that 
day, and until noon of the following day, at which time objects became 
visible at ten or twelve yards distance. In this state things continued for 
two days longer, but for ten or twelve days the light was partially obscured. 
During the whole time a fine white impalpable dust continued to fall. This 
faU of ashes was not confined to San Antonio, which, as has been said, was 
itself fifty miles from the volcano. Still nearer the central point, the dark- 
ness commenced earlier, but did not last so long; while in every place in 
the immediate neighbourhood the ground was completely covered with 
ashes, varying in thickness from a few inches to upwards of ten feet. The 
most extraordinary fact, however, with regard to this eruption remains to 
be told ; for not only were the ashes conveyed in the direction of the wind to 
a distance of as much as 700 miles, at the rate of 170 miles per day. 
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obscnriiig the sun in the island of Jamaica, and covering the earth with fine 
dust, but they were carried to windward for 400 leagues, thus proving that 
they must have reached to an enormous height in the atmosphere by the 
violence of the eruption. It is also recorded by the captain of a ship in the 
English navy, sailing in latitude 7° 26' N., and 104° 45' W. longitude, at a 
distance of 900 miles from the nearest land, and 1100 from the volcano, that 
his ship sailed forty miles through floating pumice, some of the pieces being 
of a considerable size. The actual amoimt of force with which such volcanic 
products as these are ejected, is not very easy to estimate, and the calcola- 
tions that have been made on this subject are not so accurate as might be 
wished. That it is enormously great, however, there can be no question; 
and it is recorded b^ Sir William Hamilton, that stones were, on one occa- 
sion, thrown iip so high above Vesuvius as to occupy eleven seconds of time 
in falling to the level of the crater. Allowing for the difference of atmo- 
spheric pressure in a mountain above 3000 feet high, this gives a force 
equivalent to the pressure of between three and four hundred atmospheres. 
Aiiother example is recorded of the projection of a mass of rock, measuring 
300 cubic feet, (and therefore whose weight was upwards of 200 tons,) from 
the crater of Cotopaxi, to a distance of nine miles. 

The quantity of matter ejected from volcanoes in the form of lava is 
more readily measured than in either of the cases yet referred to. The 
lava streams break out in irregular intermitting springs of molten earthy 
matter, and frequently continue slowly running for days, and even weeks 
together. As examples of quantity, it may be mentioned, that in 1837, 
M^unt Vesuvius poured forth as much as thirtv-four millions of cubic feet, 
and in 1794, durmg another eruption, upwarifs of forty-six millions. In 
1669, Mount Etna poured forth nearly a hundred millions ; and in 1783, an 
eruption took place in Iceland, more remarkable for the extent of its lava 
current than any other on record, the stream having flowed along two 
channels, one of them flfty miles in length and twelve to fifteen miles broad, 
the other forty miles long and seven miles in breadth. In the course of this 
distance the fiery stream fiUed up a lake and obhterated a lofty cataract, 
turning the waters of two streams into vapour, and entirely occupying theii 
beds. Although the thickness was very variable, being as much as &re or 
six hundred feet in the narrow channels, and not more than ten feet in the 
plains, the lowest estimate of the measurement and weight of this mass is not 
less than twenty thousand millions of cubic yards, or forty thousand miiUions 
of tons of matter, poured out of the bowels of the Earth and spread over its 
surface within the short space of ten weeks. 

96 Distribution of Volcanoes. — Having considered thus the nature of 
volcanic action, and of the substances which, under various circumstances are 
erupted from volcanoes, it remains that we should explain the mode of 
distribution of these phenomena upon the Earth's surface. The best mode 
of obtaining a general idea of this distribution is, by examining carefully a 
globe or map of the world, in which the positions of the various volcanoes at 
present or formerly active is distuictly marked, and such a map wiU be 
round in the atlas belon^g to this volume. 

The following table will give a notion both of the position of various volcanic 
groups, and the comparative number of distinct volcanic vents in different 
regions. It includes about 400 described cases of volcanic cones, many of 
which, indeed, have not been known to erupt within several centuries j but 
this does not necessarily remove them from such a list, as it is very possible 
for the internal fire to slumber for a much longer period between two epochs 
of outburst. By giving an idea of the actual distances within which the 
principal groups are placed, as well as the number in each case, perhaps tbis 
table will communicate a tolerably distinct idea of the importance of each 
group. In many cases, however, the volcanoes are very closely congregated 
m knots about the centre of the district, while towards its outslcirts are only 
a few cones and craters. 
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List of the PHncipal Volcanic Grottps, with the Linear Extefision 

of each Group » 

Knmber 

of 
Volcanoes 

Atlantic Ocean : 

Jan Meyen Island (Greenland) 2 

Iceland : 8 

Azores 2 

Canary Islands 7 

Cape Verde Islands 1 

Ascenraon Island 1 

Trinidad Island 1 

Tristan da Cunha Island 1 

West India Islands 10 

Meditebranean Gboup : 

Lower Italy 2i 

Lipari Islands 2' 

Greek Islands .^. 1 

RedSea ,.../. 2 

INDIAK Ocean (west side) : 

Bourbon Island 1 

Mauritius Island 1 

Rodriguez Island 1 

Asiatic Continent : 

WestemAsia 3 

Central Asia 2 

Eastern Asia ? 

Asiatic Coast : 

Kamtchatka group ;.... 21 

Kurile Islands group 18 

Japan Islands group 23 

Bonin and Mariana Islands 9 

Formosa 3 

Luzon and the Philippine Islands 21 

Molucca Islands 12 

North-west coast of New Guinea 4 

SuNDA Islands Group: 

Floris and adjacent islands to the west as far as 

Serva 

Sumbawa and others 

Java 

Sumatra 

Andaman Islands 

EASTEBN ABCHIPELAaO : 

Groups of islands between New Guinea and New ) ^ 

Zealand ) 

New Zealand 2 

Friendly Islands 2 

Pacific Ocean: 

Hawaii (Owbyhee) group 

Society Islands 

Marquesas Islands 

Easter Islands 1 

Galapagos Islands 1 

Ajobica: 

Aleutian Islands 35 

North American series 10 

Mexico 7 

Guatemala 88 

Quito 17 

Peru and Boliyla 12 

Chile 22 

Tierra del Fuego 3 

Aktabctic Land 3 
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Those groups to which no linear extension is marked, are for the most part detached, and 
eshibit only imperfect communication with any other district. The groups connected by braclcets 
probably related, bat too imperfectly to JustiQr any statement as to their linear extension. 
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Looking, then, at these volcanoes as offering means of commnnication 
between the interior of the Earth and its surface, we find that while the 
whole number of such vents is larger, by a great deal, than could be anti- 
cipated by observations made on the western Continent, there are still very 
extensive districts of land, and doubtless, also, large areas of the sea bottom 
in which no such means are afforded for the escape of gaseous or other 
substances pent up within the Earth. And although it is certainljr true that 
there are many parts, especially in Europe, where abundant proof is afforded 
of volcanic action during a period antecedent to the present, and thus the extinct 
volcanoes add much to the surface which we know to have been provided with 
vents within a comparatively short interval, there is yet daily increasing 
proof, that however powerful an agent volcanic force may be, it does not 
directly or necessarily affect the great mass of land upon the Earth. More 
than half, however, of the coast line of the existing land is covered at 
intervals sufficiently near to ensure subterranean communication at great 
depths imderground, but the great area of land within the coast, and the sea 
bottom, so far as we know, is not sufficiently in relation with changes thus 
induced, as to justify our regarding them as essential to existing conditions. 
We shall proceed to show in the next chapter, however, tl5.t there are 
phenomena on record which connect this kind of igneous agency with 
another more directly influencing the general physic^ conditions of the 
Earth's surface. 

p7 Subterranean Connexion qf Distant Volcanoes, — Many of the volcanic 
regions referred to, eadiibit very distinct relations with each other, although 
far removed in point of distance, and separated or covered at the surface by 
rocks of very various character ; but the volcanoes in the same system, or 
within moderate distances, are often so directly related as to exhibit a 
distinct reciprocation. Eemarkable instances of this have been observed in 
some of the volcanic cones of the Andes, and this relation has also been shown 
in the case of the two most considerable European volcanoes. 

98 Conneonon of Volcanoes with Earthquake Action. — ^Earth<][ua]ces may 
be regarded as convulsions of the Earth, or the nature of undulations jpropa- 
gatea in various directions from a central point or line beneath the surface of 
me Earth, and consist of a series of perpendicular, horizontal, and even 
rotatory motions, following each other in rapid succession, sometimes being 
so slignt at the surface as only to be perceptible by those familiar to the 
phenomenon, but occasionally producing the most complete and frightftil 
destruction over whole districts of the Earth. The origin of such |>henomena 
must be regarded as an upheaving force, more or less sudden in its effects, 
and greatly modified by the extent of area over which it has at first acted. 

Earthquakes and volcanoes stand in intimate connexion with each other, 
generally originating in or near the same parts of the Earth, often so dis- 
tinctly related in order of time and alternation of results, that they are 
manifestly seen to belong to each other, so that when volcanic action is exhi- 
bited on a large scale, as in the linear groups described in the Andes, the 
Sunda Islands, and elsewhere, the activity of one volcano interferes with the 
action of another, and the commencement of a great eruption is generally pre- 
ceded and often accompanied by earthquake undulations. As also we find, that 
volcanoes are almost confined to the coast line bounding the Pa<Hfic, so 
also, earthquakes are much less frequent in countries forming the central 
parts of continents. It is, however, by no means the case that earth- 
quake action is really thus limited^ only that the undulations are less 
common and less considerable in amount in these districts than in others 
nearer the coast. 

If we begin by considering the nature of earthquake phenomexia, as 
exhibited in tne different kinds of undulations that have been described, and 
the local effects recorded to have been produced, we shall find that the subject— 
although one offering great interest to the general reader, and therefore well 
adapted for works in which continuous narrative is attempted — does not 
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present that magnitude of interest' which can entitle it to rank as a world- 
phenomenon, unless we connect with these local effects, those much more 
wide, and indeed universal, changes of level of the general surface of land, 
and of the sea bottom, to the action of which the form and physical features of the 
whole surface of the Earth are due. We propose, therefore, to consider, first, 
and somewhat briefly, the local phenomena that enable us to judge in some 
measure of the natiure and extent of the causes in action, ana we may then 
proceed to investigate the effects on a large scale, and the possible causes of 
the imdulation of the surface generally. 

In illustration of the important fact of earthquakes and volcanoes being 
connected phenomena, it is only necessary to refer to those volcanic dis- 
tricts in different parts of the world already described, and their history, 
so far as that history has been handed down to us. The vicinities of Etna and 
Yesuvius have been remarkable for many centuries for disturbances of this 
nature. Most of the cities, not only of Sicily, but also of southern Italy, have 
from time to time been the scene of destructive undulations, continued at short 
intervals for a considerable period, sometimes exceedingly sudden, and 
frightfully destructive. These nave been in most cases directly succeeded by 
>eruption8 from neighbouring volcanoes, the earthquakes preceding the 
eruption, and the shocks increasing in violence, until the mountain relieves 
itself by discharging its contents ; so also when volcanoes in constant or nearly 
constant action ceased to show signs of activity, earthquakes have generally 
been known to succeed. Thus, iSromboli had an interval of repose for the 
first time within the memory of man, immediately preceding a series of earth- 
qiiakes which took place m the year 1783 ; and thus, also, the volcano of 
!Pasto, in Peru, ceasing to emit a dense, black column of smoke, which had 
proceeded from its crater for some time, the terrible earthquake of Eio 
Bamba occurred, during which 40,000 persons perished. Perhaps, however, 
the best example of this chain of c^uiexion between earthquakes and 
volcanoes is seen in the series of events which took place in 1811 and 1812, 
in the western world. The first of these events was the sudden elevation of 
the island of Sabrina, in the Atlantic, near the Azores, from a depth of 120 
feet, the phenomenon being accompanied by violent earthquakes, and a 
disengagement of smoke and flame. From wis time, severe shocks were 
felt in the Island of St. Vincent, near one of the most active volcanoes in the 
West Indian Archipelago, and these shocks extended to the North American 
continent, producing marked results in the valley of the Mississippi. In 
December, 1811, an earthquake took place in the Caraccas, and another in 
March, 1812, continuing several days, and entirely destroying the chief city 
of the province. And lasuy, on the SOth April, 1812, the volcano of St. Vincent, 
which had been quiet for nearly a century, burst out with a tremendous explo- 
sion, which extended for 210 mdes, into the plains of Calaboyo. This ended the 
disturbances, connected together at great depths, extending, as we have seen, 
from the Azores, and felt round the whole of the interior of the Gulf of Mexico. 

It is needless to repeat examples of this kind, which all tell the same tale. 
Most of the great eruptions of modem times have been preceded by earth- 
quakes, and most of the great earthquakes succeeded by volcanic eruptions. 

99 The Natu/re ofMaHhjuake Movements, — It has been mentioned that 
the undulations connected with an earthquake are of three kinds — ^namely, 
undulatory, perpendicular, and horizontal ; the latter sometimes producing 
what appear to te rotatory or vorticose movements. Of these, the first kind 
is the most common and the most harmless, the second is generally very 
destructive, while the third has rarely been felt, except in the most disastrous 
and appalling catastrophes. 

Earthqu&es are occasionally, but not always, accompanied by detonations 
and loud noise; the kind of noise that occurs is also different in different 
places, being sometimes rolling, and occasionally like the clinking of chains, 
sometimes abrupt, like thunder close at hana, and sometimes clear and 
ringing, aa if obsidian or other vitrified masses clashed, or were shattered in 

T 
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subterranean cayities. In the Caraccas, there was heard over a district of 
40,000 miles a loud noise resembling thunder, unaccompanied by any shaking 
of the ground, during the eruption of a volcano more than 600 miles distant ; 
and at the great eruption of Cotopaxi, in 1744, subterranean noises, as of 
cannon, were propagated at great depth through the Earth for a dlBtance of 
more than 400 mues. 

The undulations of earthquaJces are propagated in two very distinct ways, 
sometimes extending and being exceeoin^ly violent for very great distances 
in linear direction, and sometimes extendmg from a focus almost equally in 
every direction. It is an important fact mat the linear direction of ^at 
earthquakes generally corresponds with that of volcanic action in the vicmity. 
It is probable, however, that even in what may be regarded as central earth- 
quakes, the impelling force is situated along a particular line of country 
always the same in successive disturbances. Most earthquakes follow the 
direction of the mountain chains in the countries which tney traverse, but 
occasionally they cross this line at right angles ; in the latter case, however, 
the shocks have generally been weak. 

As it is importent to bear in mind the difference which really exists between 
central and Imear earthquakes, we may here give a short account of important 
earthquakes in which each of these d.irections has been observed. Thus, the 
great earthquake of Lisbon, which took place on the 1st November, 1755, 
was felt in a circular or oval area of enormous dimensions, commencing 
apparently in the Atlantic, o£f the coast of Portugal, and reaching to tbe West 
Indian islands, the lakes of Canada, the shores of the Baltic, and the hot 
springs of Bohemia. This, therefore, may well be considered as central on avery 
large scale, since aportion of the Earth's surface, at least equal to four times 
the whole area of Europe, was then simultaneously shaken. This earthquake 
has been described at great length, and the phenomena were in the highest 
degree interesting. 

Another remarkable instance of a central earthquake, although of far less 
extent, took place on the 5th February, 1783, in Sicily, on wfich occasion 
Calabria, and about 200 other towns and villages, were destroyed within an 
area of 600 square miles and 100,000 persons perished. This earthquake, 
although so small in extent, exhibited all the peculiar phenomena of vorticose 
movement and vertical upheavals frequently repeated, which from their 
nature must of necessity result in great injury to any buildings on the 
surface. The surface, also, itself is in such cases rent asunder, and some 
portions have been removed to a distance in a manner exceedingly difiicult to 
account for. 

The earthquakes here described were more or less central, the form 
of the land disturbed being either circular or oval, and in these cases the 
progress of the shocks may be compared to that of ring-like waves produced 
on the surface of stUl water when a stone is thrown m, or when a solid is 
lifted from the bottom. Such waves, both in the water and on land, are both 
wider and fainter as their distance from the centre increases ; and thus in the 
great Lisbon earthquake, while that city was so completely destroyed, others 
both north and south of it at moderate distances were only partially injured; 
while in Ireland, although the shocks were distinctly felt, they ceased to be 
mischievous, and at still greater distances the disturbing force was only visible 
in its effects on the waves of the sea or the water of deep springs. So also in 
the Calabrian earthquake, while the country at one particular spot was rent 
by deep chasms, and so violently shaken that the heads of the largest trees 
are said to have almost touched tne ground on either side, and while not only 
was no kind of building able to resist the movement, but tracts of land were 
actually removed horizontally, so thatfields planted with different kinds of com 
had exchanged situations, yet, at a comparatively short distance, the towns 
were not injured, and in the country the shock was scarcely felt. It is also 
a remarkable and interesting fact with reference to central volcanoes gene* 



EARTHQUAKES. ' 275 

rally' that the disturbances are by no means equal at equal distances from 
the centre, oruniyersal at all intermediate places, proving both the true wave- 
like nature of the movement generally, and its partial interruption by the 
varying elasticity of the different rocks through which it passes. 

linear earthquakes are no less remarkable than central ones, and in 
some cases their phenomena are even more instructive. In 1837, a shock 
occurred in Syria affecting a line 500 miles in length by only 90 in breadth; 
while in South America there have been instances in whicn 1000 miles of 
coast have been affected by disturbances which have not been transmitted in 
an east or west direction to any considerable distance. On certain occasions 
that have been recorded, earthquakes have been felt at various points along 
lines of stiU greater length, and a most remarkable example of this kind 
occurred jn the year 1835, when several towns were thrown down between 
Copiapo and Chiloe. On this occasion, the whole volcanic chain of the Chilian 
Andes was in a state of unusual activity, and almost at the same instant the 
island of Juan Fernandez, 365 miles from Chile, was violently shaken. More 
than 300 shocks were counted in this district between the ^h of February 
and the 4th of March, in the year mentioned. Before this, however, in the 
year 1822, the coast of Chile nad been visited by a most destructive earth- 
quake, felt simultaneously through a space of 1200 miles from north to south. 

It is imnecessary to multiply examples of this kind, the facts, although 
very extraordinary, differing but little in different disturbances; and, in pomt 
of fact, the mulnplication of accounts that have been given of particular 
earthquakes would not assist the reader in forming any conclusion as to the 
original cause of such phenomena. It will be more usend to give the general 
conclusions arrived at, by those who have studied this subject with a view to 
determine the bearing oi earth<^uake phenomena upon the structure of the 
Earth's crust. The two most important points that have been determined 
are these — ^First, the much wider extent and influence of subterranean move- 
ments commencing or connected with earthquakes than is shown by the 
accounts recorded of those places where the undulation is felt; and next, 
the nature and amount of the upheaving force exerted, and the permanence 
of upheavals and depressions of tne surface. 

ICO Frequent Repetition and Wide Range of Earthquake Action. — • 
Examples are not wanting in various districts of repeated earthquake dis- 
turbances, at places far removed from recent or even recently extinct 
volcanoes, and some cases of this kind in the British islands, where there is 
a certain amount of regularity and periodicity in the phenomena, are well 
worthy of notice. Thus it haa been observed, that of a number of earth- 
quakes, occurring between 1842 and 1845, aU, or almost all, took place within 
a few hours of t£e moon's first quarter, and have reference to great atmo- 
Bpheric changes, but the number of small shocks that have been felt and 
recorded in Scotland, within the last few years, give a better notion of the 
minuteness and frequency of such undulanons, and render it probable, that 
if other regions in which elastic igneous rocks are present at the surface 
were the suJbjects of equally careful examination, there would be proof of an 
almost perpetual vibration over tracts of vast extent. 

In tne years 1841-42, between the 23rd July and 8th June, no less than 
sixty shocks have been recorded by Mr.Milne, as felt at Comrie, in Perthshire, 
twelve occurring on the 30th July, and the rest distributed at irregular 
intervals, varying from some hours to two months. Between the 1st of July, 
1842, and 1st of July, 1843, thirty shocks were felt in the same spot, but at 
other places in the British Islands, within the same period (although not at the 
same time), other earthquakes were observed, some of them not inconsider- 
able in extent, the most remarkable being on the 17th of March, 1843, when 
Lancashire, Cumberland, Dumfriesshire, the Isle of Man, Belfast, and even 
the Channel Islands (Jersey and Guernsey), were all subjected to a consi- 
derable subterranean movement, variously described as resembling that of a 

t2 
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ship in a heavy swell, even inducing nausea, and as like a loaded cart passing 
along a street. This earthquake was not felt at Comrie, although certainly 
much more extensive than many of those recorded at that place. 

The observations continuously made in Perthshire, snowed in the suc- 
ceeding year (between August 1, 1843, and September 4, 1844) thirty-seven 
shocks, the most severe of which were on the 25th August, 1843, and 14th 
January, 1844. Of these, the earthquake of the 25th August was felt simulta- 
neously, and with about equal intensity, over an area of one hundred square 
miles, and on the 12th June, 1844, when no shock took place at Oomrie, a move- 
ment sufficient to excite general attention was recognised in Huntingdonshire 
and adjacent coimties of England. 

What is remarkable in these cases, is the very frequent repetition of 
small and strictly local vibrations. Such phenomena are no doubt related to 
the more widely known and frightful disturbances by which whole towns, with 
their population, have been in a few seconds destroyed, for these have often 
had scarcely wider range, and the shocks are not more frequently repeated. 

But if some earthquakes have been thus limited, others again have pro- 
duced results over a vast area. The ^eat earthquake of Lisbon has been 
already referred to, and other similar if not equally disastrous occurrences 
have nad an equal extent. It appears, in fact, that the propagation of 
the wave to which the vibration is due, is only limited by the nature of the 
rocks through which it passes, and the original circumstimces under which 
the shock was produced. 

Many cases have been recorded in various parts of the world, tending to 
show, that where once earthquake action exhibits itself, it is likely to recur. 
GThe sHghter and more frequent the vibrations, also, the less probability there 
seems to be of any serious disturbances, but neither this nor any other 
apparent law can be depended on. We are told by Humboldt, that * on the 
coasts of Peru, where rain scarcely ever falls, and where hail, lightning, and 
thunder are unknown, these atmospheric explosions are replaced by the 
subterranean thunder, which accompanies the trembling of the earth. From 
long habit and a prevalent opinion that dangerous shocks are only to be 
apprehended two or three times in a century, slight oscillations of the ground 
scarcely excite so much attention in Lima as a nail-storm does in the tempe- 
rate zone.'* 

The danger from earthquake action, and the relations borne to each other 
by disturbances of this kmd at distant spots, are not without important 
reference to adjacent volcanoes. Among the most remarkable instances on 
record of an important and destructive earthquake, at a great distance from a 
known volcanic region, is that of Lisbon, but this city is, afler all, not far 
removed from certain portions of the bed of the Atlantic, where true volcanic 
eruptions unquestionably occur. Active volcanoes, therefore, though they 
may perhaps he regarded as safety valves for the country in their immediate 
vicmity, do not by any means prevent the occurrence of severe earthquake 
shocks, which thence extend either in a circular or oval area to vast distances, 
interrupted and checked, it may be, by the condition and nature of the rocks 
traversed, but not failing to produce some effect on the surface, and on the 
various works of nature and art there exposed. 

Among the most interesting of the permanent results thus produced, not 
only near volcanoes, but over large continental areas, are those elevations and 
subsidences which we proceed in the next section to consider. 

loi Permanent Change of Level accompanying Earthquake Action. — 
The earthquake of 1835, that destroyed the town of Concepcion, in South 
America, and which had a north and south range, was felt over a tract of 
country equal in extent to the distance between the North Sea and the 
Mediterranean, and during this and other single earthquakes of the same 
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kind, very extensive areas have been ^nnanenUy affected by small elevations 
or subsiaences. Such movements, m horizontal position, have been also 
repeated so frequently, that within a period geolo||^cally recent, they have 
upraised large portions of Chile and Pern several hundred feet ; and however 



change in relative level is the usual result of continued earthquake 
Examples of the permanence of the change produced during earthquakes may 
be seen in the condition of some narts of Gutch, near the mouth of the Indus, 
and other places on the delta of tnat river, and in a yet more striking instance 
recorded by a recent traveller in Brazil (Tschudi), to the effect that the bed 
of a stream, in one spot, is so altered in position, that the water, if it could 
now be made to occupy its former bed, must rise up a steep incline, having 
formerly taken the course it did when the land was in a different position, 
and at a lower level, and the water being now forced to find a new channel. 

Although, however, there are few instances of repeated earthquakes 
without permanent elevation or depression, to a greater or less extent, the 
proofs of this change of level are often exceedingly difficult to obtain. Some 
such cases are chiefly valuable and interesting, not from their extent, but 
because they have occurred in countries often visited, and are supported by 
historic evidence of recent date. An examination of the present state of the 
temple of Jupiter Serapis, in the bay of Baite, near Pozzuoli, establishes the 
fact of an elevation of more than twenty feet (and at one point more than 
thirty feet) in the land on which the temple is built, and of several alterna- 
tions of leyel occurring between the third century of the Christian era and 
the present time. It is not necessary here to repeat the details which have 
been frequently given with regard to this subject,* but distinct historical 
evidence is thus adduceable of considerable cliange of level of the land in 
the vicinity of the volcanic mountains of Yesusius and Etna, and the evidence 
reaches almost to certainty, that the elevation sometimes immediately accom- 
panied destructive earthquake action. 

Among the striking examples on record, of permanent change of level in 
earthquake districts, we may also mention tlie case of Concepcion Bay 
aheady referred to, where the ancient harbour, which once admitted large 
merchant vessels, is now occupied by a reef of sandstone, and a tract of a 
mile and a half in length, where the water was formerly four to five fathoms 
deep, is now a shoal, formed of hard sandstone rock. This is supposed to 
have been caused by the earthquake of 1751. 

In almost every earthquake a considerable amount of destruction is 
caused by slips of earth and partial subsidences, which we have not alluded to, 
as not offering phenomena oisufficient magnitude to serve our argument ; yet 



* Although it has not seemed advisahle to encumber the text with those often repeated 
tcoomits, the following general conclusions, extracted from Mr. Babbage's account of the 
Temple (Quarterly Geological Joumctl, vol. iii. p. 218,) may be found useful, and will perhaps 
be deemed satisfactory, as illustrating the order of the various operation^ : — 

1. The temple was probably constructed about the end of the second century after Christ. 

2. A dark incrustation formed round the walls before the temple was ruined, and during a 

slow and gradual subsidence to a small extent. 
8. The temple became filled with volcanic ashes to the height of about seven feet from the floor. 
4. A great calcareous deposit formed in the fresh-water lake made by the hot spring. 
6. Partial destruction of the temple. * 

6. Several of the columns corroded Just above the calcareous deposit. 

7. The area again covered by volcanic ashes to the height of about lOj^ feet. 

8. The temple again injured, and exposed to partial subsidence below the sea level. The 

columns perforated by marine animals. 

9. Third filling up with ashes to the height of 20 to 85 feet above the floor of the temple. 

10. Temple elevated to a height above its present position. 

11. Temple laid bare in 1750 by excavations. 

12. Gradual subsidence between 1828 and 1845. 
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some of these have been remarkable, as in the case of an earthquake in Jamaica 
in 1692, when the harbour subsided so far, that large store houses were after 
the disturbance buried thirW-six feet under water, and the mastheads of 
ships, that had been wreckecC were seen together with the chimney tops of 
houses, nroiecting above the waves. A tract of land 1000 acres in extent, 
also BaQK down, so that the sea rolled in and remamed permanently over 
this spot. 

I02 Origin of JEarthquakes,-^Thai an earthquake is the result of violent, 
and general^ convulsive, subterranean movement, of the nature of an 
explosion, and is often accompanied hj the sudden rending of soHd rocks, or 
the sudden expansion of gaseous bodies, there can be little doubt ; and thus, 
although the ultimate cause may remain unknown, the proximate one may be 
considered as established. Such a movement takW place in a subterranean 
cavity, is necessarily propagated as a central undulation if the, disturbance 
occur at a single pomt, but where a considerable distance is connected under- 
ground by continuous hollows or vaidts, the explosion may be felt as linear in 
the manner abready described. When, abo, the wave or undulation com- 
mences at a great depth below the surface, and under the ocean, the bed of 
the ocean win be upneaved, perhaps without fracture, owing to the super- 
incumbent pressure of a lof^ column ot water; but in this case, the whole 
column of water must be lifted up, and a sea wave produced. When again 
the shock passing through the Earth meets the air, a wave of soimd may be 
generated, and thus three distinct waves are produced by a single and 
instantaneous explosion. The wave produced in tne solid mass of the Earth 
will itself be propagated with very different velocity, according to the nature 
of the rock through which it passes, and the interruption it meets with. 

Whenever, therefore, an earthquake shock occurs, a true Earth-wave is 
the first and necessary result. This wave, in its rapid transit from the 
centre or axis of disturbance to the spot where the undulations are finally 
lost, involves throughout its whole course a movement in space of every 
particle of matter anected, and the elasticity of each mass or stratum of rock 
traversed, will influence the mode in which the wave reaches the surface ; so 
that, where a rock near the surface is brittle, there will be a fracture, where 
it is soft, there will be a manifest upheaval and depression, and these will 
remain as permanent alterations of level where the actual movement, in one 
or other direction, is prevented by the falling in or displacement of other 
rocks from recovering itself. The rate of propagation of the movement will 
be exceedingly rapid, amounting always to several miles per mmute, and 
var ying from twenty to twenty-eight, according to circumstances. 

Where the Earth-wave comes to the termination of tJie solid portion of 
the Earth's crust under water, and lifts the overlying sea, the elevation may 
amount to a few feet, perhaps, and the water is necessarily lifted and let faA 
to this extent. The Eartn-wave, however, continuing to pass along and 
moving more rapidly than this sea-wave, carries with it the small elevated 
portion of the water, leaving also behind it the waves thus produced, which 
follow at a short interval. 8o long as this goes on in deep water, scarcely 
any effect can be observed at the suriace, but no sooner does the wave reacli 
a shoal, or approach the shore, than the earthquake- wave becomes what is 
technically called a * forced sea- wave,* which is a narrow ridge of water forced 
forward by the great wave, and communicating a shock to ships, as if they 
had struck upon a bank. This wave accompanying a shock upon a coast is 
not considerable, and as it reaches the co^st while ttie beach is itself elevated 
by the earthquake, it scarcely appears or is felt as an apparent recession of the 
sea. It is followed, however, at an interval dependent on the distance of the 
centre of disturbance, by the great sea-wave, which if the shore be shallow, 
may roll in with irresistible force, and in its retreat carry with it the fragments 
torn up and destroyed by the previous earth- wave. Lastly, a sound-wave 
formed in the atmosphere, moving still more slowly than either of the others, 
succeeds the earthquake after a considerable interval of time, and like thunder, 
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is only heard when the danger is past, although it often appears to the 
unphilosophical observer as a fearfcu addition, alinost more to be dreaded 
than the real nndnlation. 

It occasionally happens that areas of disturbance, or districts exposed to 
some repeated cause of earthquake, are sufficiently near to be within the 

Sran^e oi the same Earth-wave. The various disturbances in that case 
roauce their effects independently, but these may intersect, and either 
estroy or double each otner. The magnitude or the wave propagated 
in the crust of the Earth, will be increased at the surface accordmg to a 
general law in mechanics, by which vibrations transmitted in elastic bodies 
nave a tendency to detach the superficial strata.* 

103 Partial but Permanent Elevation at a Distance from Volcanoes. — 
While there is little difficulty in comprehending the possibility of various 
movements of the Earth's surface, where that surface is exposed to the 
undulations we have described, the case is different, if we find evidence of 
permanent alteration of level in countries far removed, not only from exist- * 
mg volcanoes, but even from those volcanic appearances which indicate the 
former existence of igneous disturbance. Sucn at first sight may appear to 
be the case with the Scandinavian peninsula and the west coast of the 
British islands, which afford in various places evidence of elevation, but 
which have only very recently been recognised as subject even to partial 
earthquake action. 

In Northern Europe there appears to be an area of land whose length 
is more than 1000 miles, reaching from Grothenberg, in Sweden, to the 
North Cape, the northern extremity of European land, subject to slow 
movement. In breadth, this tract reaches across the Gulf of Bothnia, and it 
stretches in all probability far into the interior both of Sweden and Finland. 
The elevation mcreases in amount as we proceed northwards, and it is 
doubtM whether the amount of elevation is constant during equal periods of 
time. The result is seen in various ways, but most strikmgly in what are 
called raised beaches or elevated coast lines, and the evidence on which the. 
fact of elevation is proved requires now to be noticed. 

So long a.go as tne coinmencement of the last century, a Swedish naturalist, 
Celsius, expressed his opinion that the waters both of the Baltic and Northern 
Ocean were gradually subsiding, and he inferred from numerous observations 
that the rate of depression was about forty inches in a century. This view 
was supported by various facts observed, but controverted by others, such as 
the absolute permanence of the water-level in some low islands for many 
centuries without change; it was impossible also that a permanent depression 
of the level of the sea could take place in the Baltic ana the Gulf of Bothnia, 
without being general throughout those parts of the ocean in which the level 
was the same. The view of Celsius is not tenable according to the observa- 
tions that have been more recently made, but the fact of a change in the 
relative level of land and water seems to be now distinctly proved, and in the 
year 1807, Von Buch, on his return from a tour in Scanainavia, announced 
his conviction that the whole country from Frederickshall, in Norway, to 
Abo, in Finland, and perhaps as far as St. Petersburg, was slowly and 
insensibly rising. He also suggested 'that Sweden may rise more than 
Norway, and the northern more than the southern parts.* He was led to 
these conclusions principally by information obtained from the inhabitants 
and pilots, and in part by the occurrence of marine shells of recent species, 
whicn he had found at several points on the coast of Norway above the level 
of the sea. He also mentions the marks set on the rocks. Yon Buch, 
therefore, has the merit of being the first geologist who, after a personal 
examination of the evidence, (ficlared in favour of the rise of land in 
Scandinavia. The attention excited by this subject in the early part of the pre- 



* Humboldt's Cosmos^ Sabine's translation, vol. i. p. 192. 
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sent century, induced many philosopliers in Sweden to endeavour to determine, 
by accurate observations, whether the standard level of the Baltic was really 
subject to periodical variations; and under their direction, lines and grooves, 
indicating the ordinary level of the water on a calm day, together with the 
date of the year, were chiselled out upon the rocks. In 1820-21, all the 
marks made before those years were examined by the officers of the pilotage 
establishment of Sweden; and in their report to the Hoyal Academy of 
Stockholm they declared, that on comparing the level of the sea at the time 
of their observations with that indicated by the ancient marks, they found 
that the Baltic was lower relatively to the land in certain places, but the 
amount of changes during equal periods of time had not been everywhere the 
same. During their survey, they cut new marks for the guidance of ^tnre 
observers, several of which were examined by Sir C. Lyell fourteen years 
after (in the summer of 1834), and in that interval the land appeared to 
have risen at certain places north of Stockholm four or five inches. Sir 
Charles Lyell on this occasion convinced himself, after conversing with many 
civil engineers, pilots, and fishermen, and after examining some of the ancient 
marks, that the evidence formerly adduced in favour of the change of level, 
both on the coasts of Sweden and Finland, was fiill and satisfactory. The 
alteration of level evidently diminishes as we proceed from the northern 
parts of the Gulf of Bothnia towards the soum, being very slight around 
Stockholm. 

These facts with regard to the shores of the Gulf of Bothnia are paralleled 
and rendered more clear by what has been observed since in the northern 
extremity of Scandinavia. It there appears that not only a narrow strip of 
coast, but the whole of Norway, from Cape LindesnsBS to Cape North, and 
beyond that as far as the fortress of Vardhuus, has been in course of elevation 
during a period immediately anterior to the historic period. On the south- 
east coast this elevation has amounted to about 200 yards, and the marks 
which denote the ancient line of coast, and which nave been seen and 
measured in many points, are so nearly horizontal, that the deviation from 
horizontality cannot be appreciated, a circumstance which renders it impos- 
sible to account for the change by assuming a number of small local or 
independent disturbances.* 

There are also on our own shores numerous instances known locally as 
'raised beaches,' which prove the partial and very considerable upheaval of 
the coast in Wales, Cornwall, and elsewhere. At Plymouth and in its 
vicinity, there are remains of a beach sloping towards the sea, of which the 
maximum height is thirty feet above the present high- water mark, and traces 
of similar beaches covered with pebbles and shingles and containing the shells 
of the neighbouring sea are met with all round the coast of Cornwall, some of 
them rising to fifty feet above the sea, and others only just removed above it; 
while similar appearances on the Welsh coast show that the change of level 
has reached there to as much as 1200 feet. The shores of the Irish Sea near 
the mouth of the Mersey, and the whole coast of Scotland, abound with 
similar instances, many of which have been recorded in sufficient detail to 
prove distinctly the general fact. 

It would, indeed, appear that no part of the western coast of Europe, from 
France to the North Sea, is now at the same level as that it possessed some 
ages ago. The change in most places is, however, gradual, and the amount 
genertdly inconsiderable, the most remarkable instances being in the Mediter- 
ranean, where many cliffs covered with sheila of recent species are not only 
high above the level of the sea, but extend uniformly for very great distances. 

While, however, changes have been going on thus slowly, and for a 
vast period of years, on uie north-western coast of the Old World, the 
southern extremity of America has been gradually assuming a form which 
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ifl manifestly due to the action of caoses strictly analogous. Li South 
America, indeed, everything is on a grand scale, and all recent causes of 
disturbance are there exceedingly active; but the examination of the 
surface with a view to discover, as far as may be, to what its peculiar 
appearance is owing, has brought to light a series of movements of the 
nature chiefly of permanent elevation, hardly traceable in other parts of 
the world. Eiecent ^ells — ^the shells of animals whose immediate descendants 
of the same race are now living in the Atlantic — are found on the shores 
from Tierra del Fuego northwards for 1200 miles, and at the height of 
about 100 feet in La Plata, and of 400 feet in Patagonia. The elevatory 
movements on this side of the continent have been slow, and the coast 
of Patagonia, up to the height in one part of 950 feet, and in another 
of 1200 feet, is modelled into eight great step-like, gravel-capped plains, 
extending for hundreds of miles with the same heights; this fact shows that 
the periods of denudation (which, judging; from the amount of matter 
removed, must have been long continued,) aim of elevation were synchronous 
oyer surprisingly great lenguis of coasts. On the shores of the Pacific, 
upraised shells of recent species, generally, though not always, in the same 
proportionate numbers as in the a<^oining sea, have actually been found over 
a north and south range of 2075 miles, and there is reason to believe that 
they occur over a space of 2480 miles in length. The elevation on this western 
side of the continent has not been equable; at Yalparaiso, within the period 
during which upraised shells have remained undecayed on the surface, it has 
been 1300 feet, whilst at Coquimbo, 200 miles northward, it has been, within 
this same period, only 252 feet. At Lima, the land has been uplifted at least 
80 feet since the Indians inhabited that district; but the level, within his- 
torical times, has apparently subsided. At Coquimbo, in a height of 364 feet, 
the elevation has been interrupted by five periods of comparative rest. At 
several places, the land has been lately, or still is, rising, both insensibly and 
by sudden starts of a few feet during earthquake shocks ; a fact which shows 
that these two kinds of upward movement are intimately connected together. 
For a space of 775 miles, upraised recent shells are found on the two oppo- 
site sides of the continent; and in the southern half of this space, it may be 
safely inferred from the slope of the land up to the Cordillera, and from the 
shells found in the central part of Tierra del Fuego, and high up the river 
Santa Cruz, that the entire breadth of the continent has been uplifted. 
From the general occurrence on both coasts of successive lines of escarpments, 
of sand-dunes, and marks of erosion, we must conclude that the elevatory 
movement has been interrupted by periods when the land was either stationary, 
or when it rose at so slow a rate as not to resist the average denuding power 
of the waves, or lastly when it was in a state of subsidence.* 

Li estimating the value of the different hypotheses which have been 
offered to account for this remarkable phenomenon of the gradual upheaval 
of land, it must not be lost sight of, that the change, important as it is in 
reference to the organic world, is exceedingly small compared with the whole 
mass of the Earth. It is natural to conclude, however, that the upheaval 
being so directly connected with volcanic districts, where it is most manifest 
and considerable, (as in South America,) and occurring elsewhere in spots 
which are not without occasional earthquake movements, is connected in some 
way with the heated condition of the Earth's interior. This heat, however, 
may produce its effect in two ways, either by expanding gases and forcing 
the crust to be upheaved by their agency, or by the actual expansion of 
large and thick masses from the increase of heat which they very gradually 
receive during subsidence owing to the increasing nearness of warmer portions 
of the Earth. 

It has been proved by experiment and calculation, that if a portion of the 
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Earth's crust, 100 miles thick, and of the expansibility of sandstone rock, 
were heated 600° or 800° Fahrenheit, this alone would produce an elevation 
of between 2000 and 3000 feet. It is important to bear in mind these facts, 
and their beariiig on Physical Geography. 

104 Depression over Large Dracts, — The movement that goes on in the 
way of elevation over such extensive areas as those we have been describing, 
and which indeed appears to have acted with regard to many other wide 
tracts of flat land upon the Earth, is not unaccompanied by partial depression, 
occurring even in some districts where elevation is the prevailing movement. 
Evidences of this are seen in submerged forests, or indications of the former 
growth of trees where the sea now reaches; but other points of evidence, on 
a much larger scale, are not wanting. If, however, there is difficulty in 
measuring accurately the relative level of land and water, so as to discover a 
small elevation, the difficulty of proving similar moderate depression is still 
greater. In spite of this difficutty, there is not wanting proof that while 
elevation is gomg on on the eastern shores of the Atlantic, tne western coast 
offers a converse phenomenon in the sinking down of part of the coast of 
Greenland for a space of more than 600 miles in a north and south direction. 
Observations were made on this subject by Captain Graah, during a survey 
of Greenland in 1823-24, and afterwards in 1828-29, and others by Dr. Pingel 
in 1830-32. It appears, from si^s and traditions, that the coast has been 
subsiding for the last four centuries from the firth called Tugaliro, in latitude 
60° 43' JN., to Disco Bay, extending to nearly the 69th degree of north 
latitude. Ancient buildings on low rooky islands and on the shore of the 
mainland have been gradually submerged ; and experience has taught the 
aboriginal Greenlander never to build his hut too near the water's edge. 
In one case, the Moravian settlers have been obliged more than once to 
move inland the poles upon which their large boats were set, and the old 
poles still remain beneath the water as silent witnesses of the change.* 

But far more striking, though not altogether dissimilar, memorials of this 
gradual change are foimd in connexion with the work of living and dead 
animals constnicting a stony habitation in various ])arts of the tropical and 
adjacent warm seas. Here the coral animals begin to build in moderate 
depths off the coast, either of the mainland or the innumerable islands of 
those seas, and appear to flourish best where most exposed to the ceaseless 
and violent dash of the waves. Increasing with enormous rapidity, the living 
waU. or reef soon expands laterally, but is not continued downwards to a 
greater depth than aoout thirty fathoms, except in the case of small and 
detached individuals of different species. 

Now, it appears that in spite of this limit of the depth of living coral reefs, 
vast areas are interspersed with such reefs, so that in the space of ocean 
extending from the southern end of the Low Archipelago to the northern end 
of Marslmll Archipelago, (a length of 4500 miles,) every island, wiHi one 
exception, is atoll-fi>rmed, atolls being circular groups of coral, with a salt water 
lake withm them, the water within the lake being generally very shallow, while 
almost immediately outside the island, the depth is very considerable, and 
sometimes unfathomable. To give some idea of the true extent of phenomena 
of this kind, we may mention that some of these atolls are oval-shaped, 
measuring from fifty to eighty miles in length, and nearly twenty miles 
in breadtn, while one extensive bank (the Chagos bank) presents all the 
characteristics of an atoll, except that it does not reach the surface, but is 
completely submerged. ITie longer axis of this bank measures ninety miles, 
and the shorter as much as seventy; its central part is a level, muadyflat^ 
between forty and fifty fathoms de^, surrounded on all sides by steep 
mounds, rising from twenty to thirty fathoms, with a breadth of from five to 
twelve miles, and the whole bank is bordered by a wall about a mile wide. 



* Lyell, ante cit., p. 506. 
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risinff to within five or ten fathoms from the surface. At a distance of a mile 
outside this wall, the depth of the sea is 200 fathoms. 

In addition to these atolls, coral reefs of a more continuous nature extend 
as barriers at some distance from the coast line of Australia, and other large 
islands. These are called barrier reefs, and resemble atolls in the depth of 
the sea outside their outer wall, and also in haying a lagoon channel. These 
are also of enormous extent, extending on the west coast of New Caledonia 
for 400 miles, at a distance of eight leagues from the shore, and on the north- 
eastern part of Australia for lOC^ miles, averaging from twenty to fifty miles 
from the shore. 

In addition to these two kinds, there is a third kind of coral reef, not 
lumsally found fringing volcanic islands in the Indian Ocean. These have no 
lagoon channels, they are narrow, often not more than fifty to a hundred yards 
wide, and they are less deep than those already describea. 

The cause that has given to atolls and barrier reefs their characteristio 
forms is supposed by Mr. Darwin to have been the gradual subsidence of 
portions of tne bed oi the ocean over large areas, and is partly deduced from 
the consideration of these two circumstances — ^namely, that reef-building 
corals flourish only at limited depths, and secondly, that vast areas are inter- 
spersed with coral reefs and coral islets, none of which rise to a greater 
height above the level of the sea than that attained by matter thrown up by 
the waves and winds. The foimdation of each reef is assumed to have oeen 
rocky, but it cannot be thought probable that the broad summit of a mountain 
lies buried at the depth of a few fathoms beneath every atoll, with scarcely a 
point of rock projecting above the surface over so wide an extent as that in 
which these phenomena have been traced. Much other evidence in favour of 
the same view is adduced by Mr. Darwin, in his admirable work On Coral 
Beefsy which is accompanied also by a coloured chart of all such reefs and 
islands, one colour marking those districts in which barrier reefs and atolls 
occur, and another indicatmg the innging reefs only. 

It appears, then, as the general conclusion with regard to this subject, 
that when these two great types of structure — namely, barrier-reefs and atolls 
on the one hand, and fringing reefs on the other, are thus laid down in colours 
on map, a magnificent and harmonious picture of the movements which the 
cmst of the Earth has within a late period undergone, is presented to us. 
We there see vast areas rising, with volcanic matter every now and then 
bursting forth through the vents or fissures with which they are traversed. 
We see other wide spaces slowly sinking without any volcanic outbursts ; and 
we may feel sure, that this sinking must have been immense in amount, as well 
as in area, thus to have buried over the broad face of the ocean every one of 
those mountains, above which atolls now stand like monuments, marxing the 
place of their former existence. Reflecting how powerful Itn agent, with 
respect to denudation, and consequently to the nature and thickness of the 
deposits in accumulation, the sea must ever be, when acting for prolonged 
periods on the land, during either its slow emergence or subsidence ; refiectmg, 
also, on the final effects of these movements in the interchange of land and 
ocean-water, on the climate of the Earth, and on the distribution of organic 
beings, it may be fairly assumed, that the conclusions derived fr^m the study 
of coral formations are amongst the most important that can be presented to 
the consideration of the physical geographer.* 
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CHAPTER VIII. 

STEUCTUEAL PHENOMENA OF THE EABTH INDICATING 

IGNEOUS ACTION. 

i 105. Nature of igneoos rocks in general. — 106. Extinct volcanio regions. — 107. Andent lam 
carrenU and other products of extinct volcanoes. — 108. Other igneous rocks not T<dcanie. 
— 109. Metamorphism. — 110. Dykes and mineral reins. 

^ATUBE of Igneous Rocks in General, — The igneous phenomena and 
their results, so far as we have jet considered them, are hmited to 
the EaHJi*s surface, and give little or no insight into the actual structure of 
any portion of that superficial crust which it is the object of geologists to 
understand and describe. Thus, we have seen that volcanoes, although of 
^at interest and importance in the general economy of nature, are too few 
m number, and occupy too small an area, to affect the whole area of land to 
any considerable extent, and though, no doubt, those elevations and depres- 
sions that we have discussed, ana which are connected with volcanic action, 
are of vast effect in their general result, when continued for a sufficient time, 
jet even these, in the short space of human history, must have been totally 
msignificant in modifying the general surface. But we must now carry our 
investigations somewhat farther, and we shall soon discover that while 
igneous action is not confined to one district or one period at present, but 
iSects various points of very wide tracts, aud lasts often in the same tract for 
an apparently mdefinite period, there are many other parts of the Earth 
where, beneath the surface and in the rocks that are offered for investigation, 
proof may be obtained of igneous action, either directly or indirectly, and the 
usual results may therefore be looked for in the way of former elevation and 
depression, as well as additional results derived fix>m the disturbance of 
material in a hardened state by violent mechanical force. In the present 
chapter we may consider with advantage these points, and thus obtain 
an insight into one very important department of geology, strictly so called— 
namely, that of mechanical rocks not left in their original condition of 
mechanical apposition, but altered by the action of heat or chemical forces ; 
and of other rocks which offer no appearance whatever of mechanical origm, 
but, on the contrary, seem to have formed part of the original skeleton and 
framework of the globe, presenting themselves in the central axes of moun* 
tain chains, or in tne long-exposed and weathered surface of granitic bosses, 
or rolled blocks broken from the parent rock and transported to a distance. 

The various circumstances under which such rocks are presented — ^the 
evidence of igneous activity at very early periods of the Earth's history, as 
well as at more recent, but stiU distant times — ^the structural peculiarities of 
various igneous rocks, and the structural changes produced by them — ^these, 
together with the phenomena of segregation, and the collecting of various 
substances into vems and fissures, wnence they may be extracted for the use 
of man, will, when explained, enable the student to comprehend something 
of the condition of a portion of the Earth, and form fit subject-matter for 
carefiil study. 

' io6 Extinct Volcanic Begions.'^As at present there are certain lines and 
small areas of volcanic activity, connected with which can be traced a consi- 
derable amount of elevation on the Earth's surface, so may we find in manj 
places abundant proof of ancient volcanic agency in heaps of ashes, volcamo 
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cones and craters, and beds of lava, the burnt-out fires of former times, and 
the result of eruptions and attendant elevations of whicli little or no other 
record is preserved. 

Appearances of this kind are not limited to such distinct marks of subter- 
ranean fires as we have mentioned, nor must we expect that eruptions that 
have been succeeded by the frequent denuding action of marine currents can be 
as manifest and as easily made out as where a vivid fiame, a column of smoke, 
or a current of molten rock, speak to the senses in a language that cannot be 
questioned. But we need not feel less certain of the former existence of 
volcanic action in a spot because, at present, there are no eruptions, provided 
we can discover true erupted products, such as ashes and lava ; and it is well 
known these are occasionally seen where there are absolutely no indications 
whatever of igneous disturbance at the surface, although, in other cases, the 
form of ancient volcanoes is partly preserved in the hills of the district in 
spite of the time that has elipsed smce the period of activity. There may, 
however, be distinct conditions of igneous rocks where there is no evidence of 
volcanic disturbance, and it is necessary to consider the extent and value of 
the various phenomena in each case. 

The principal and best known points at which volcanic eruptions have 
taken place on the continent of Europe, since the commencement of the 
tertiary period, from volcanoes which have now become totally extinct, 
are in the valley of the Ehine, between Bonn and Mayence ; in the depart- 
ment of Puy ae D6me, in Central France ; and on the north-east coast of 
Spain, at Olot, in Catalonia. All these have been perfectly quiet, and free 
from the disturbances of volcanic action, during, and probably long before, 
the existence of man upon the Earth, but all of them exhibit, with the utmost 
distinctness, series of volcanic phenomena exactly resembling those which are 
described as characterizing Etna and Vesuvius in modem times. One vol- 
canic district of the Bhine extends for about twenty -four miles from east to 
west, and from six to ten miles from north to south. The volcanic cones have 
here been forced up through schistose and micaceous beds of the middle and 
older Palaeozoic periods, and the trachytic lava and basalt have been poured 
ont around the base of the hills, often extending to considerable distance i«, 
without much reference to the present configuration of the country. A 
number of ancient craters, some of which are now lakes, may be observed at 
different points on each bank of the Ehine, but the walls of these craters are 
nsnally made up of cinders and scoriae, and the deep indentions and fractures 
of the walls often show the points whence a lava current must once have issued. 
On the whole, however, the lava seems to have been chiefly erupted through 
cracks and fissures in the subjacent rocks, and to have been spread evemy 
over the surface, often in very thin bands. 

By far the most important feature of the volcanic district of the Rhine, 
though not that which presents itself most prominently to the passing visitor, 
is the great extent of the basaltic platform, partly in the Duchy of Nassau, 
and extending on the right bank or the Ehine, but reaching still further to 
the east, ana forming the hills called the Vogels Gebirge. In the former 
district, indeed, the basalt is covered up in many places by a remarkable bed 
of lignite, or brown coal — ^but not less than 1000 square miles of country in 
the neighbourhood of the Ehine have been in former ages overwhelmed by a 
flood of lava, probably spread out beneath the waters of an inland lake long 
since dried up. The thictness of the bed is not generally considerable. 

A district in Central France — ^in former times the seat of subterraneous 
disturbance — ^reposes, or, rather, rises out of a granitic platform : the Mont 
d'Or, the most conspicuous of the volcanic cones, rismg suddenly to the 
height of several thousand feet, and being composed of layers of scoriae, 
pumice-stones, and fine detritus, with interposed beds of basalt. A consider- 
able number of minor volcanoes form an irregular ridge on the platform, and 
extend for about eighteen miles in ^length, and two in breadth. They are 
iwnaDy truncated at the summit, where tne crater is often preserved entire. 
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the laya having issued from the base of the hill ; and the hiyaa may often he 
traced from the crater to the nearest valley, where they usurp the channel of 
the river, which in some cases has since excavated a deep ravine through the - 
basalt. In Catalonia, the eruptions have burst entirely through secondary 
rocks, and the distinct cones and craters are about forurteen in number, bat 
there are, besides, several points whence lava may have issued. The volcanoes 
are most of them very entire, and the largest bias a crater 455 feet deep, and 
about a mile in circumference. The currents of lava are, as usual, of consi- 
derable depth in the narrow defiles, but spread out into thin sheets over the 
plains ; the upper part is scoriaceous, further down it is less porous, and at 
the bottom it oecomes prismatic basalt, about five feet thick, resting on the 
subjacent secondary rocKS. In addition to these, many other parts of Europe, 
especially in Bohemia, Moravia, and Hungary, exhibit remarkable and 
extremely interesting examples of extinct volcanoes. Some of these are well 
known for the hot springs which rise out of the ground in the vicinity, or the 
hills of volcanic products which characterise the landscape, and of tlus kind 
are Carlsbad and Toplitz. Others are near existing volcanoes, but have still 
all the peculiarities of those which are extinct, and amongst t^s latter kind 
are numerous instances in the Greek Archipelago. 

It appears from the investigations of various travellers that the western 
part of Asia and the peninsula of India exhibit the phenomena of recently extinct 
volcanic action on a scale far grander than is known in Europe, for in these 
countries the lava has been poured out over an area of many thousand square 
miles, and rests in flat tubular masses upon the country. The volcanoes of 
Asia Minor are still in a state of disquiet, and the elevation of the chain of 
the Caucasus has doubtless been continued to within a very recent period ; 
while so closely does the past approach the present in this part of the world 
and in America, that it is often difficult to decide to which period many of 
the phenomena must be referred, and it has happened even in Europe, that 
volcanoes, supposed to be extinct, have once more burst forth, and apparently 
with tenfold violence, after a long period of repose. 

The coast of Antrim, presenting the magnificent basaltic columns of 
the Giant's Causeway, and an important adjacent district in Scotland 
as well as Ireland, have long been celebrated as exhibiting very remark- 
able instances of the protrusion of large quantities of molten rock in 
former times. In the part of Ireland amided to, there are many hundred 
square miles of country, extending from the neighbourhood of Belfast to 
Coleraine, in which a considerable series of rocks of the secondary period, 
terminating with the chalk, have been covered in this way. On tne coast, 
especially towards the north, the basalt is seen capping the chalk, which 
is usually much altered and hardened into limestone, and the flints 
are reddened as if burnt near the contact. In other places, clayey or 
shaley beds are changed into hard siliceous rock, and sometimes incucate 
crystalline structure ; while in others, again, as at Ben Evenagh and elsewhere, 
the basalt assumes a character of extreme grandeur, and successive stages of 
ponderous and shapeless masses rise to the base of the steep basaltic summit, 
and there break into pinnacles and precipitous clifls. But in the interior of 
the country, the protruded rock, altnougu present, sinks to a low level, and 
along the western shores of Lough Neagh and Lough Beg is so much con- 
cealed as to appear only in isolated lumps or small ridges, rising here and 
there above tne surface. In many places, indeed, it is evident that the 
softer parts of the rock have been carried away, and that the whole of the 
detached portions were formerly continuous ; and this is not to be wondered 
at, when we consider that the mineral composition and relative hardness is 
very variable, and that the whole district has been exposed to diluvial action, 
and to the denuding force of running water. It is not easy to accoimt for 
the occurrence of these large masses of igneous rock in the north-east of 
Ireland, or to connect them with any focus or centre of eruption. They have 
probably been forced through wide cracks formed in the subjacent strata, 
and thus belong to the class of phenomena sometimes considered separately 
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finom the tabular basalt, and denominated trap yeins and dykes. Bnt how- 
erer this may be, all the trae characters of lava are apparent in the rock 
under consideration, and all the strata discovered in contact with the basalt 
hare been altered by this foreign rock introduced among them. Phenomena 
almost exactly similar are seen in the Island of Staffa and in some others of 
the western islands of Scotland, and the picturesque beauty of Fingal's Cave 
and the Giant's Causeway has been too often described to render any account 
of them necessary in this place.* 

107 Ancient Lava^ Currents, — ^It has been proved by the experiments of 
Mr. Gregory Watts,t that the rock spoken of in the precemng page as 
basalt, is in point of fact, nothing more than lava of ancient date, and 
although in England basalt and basaltic rocks are confined to certain parts 
of the country, and to rocks of certain geological designation, they are found 
elsewhere more generally diffused. 

Basalt occurs in the older rocks in two conditions, which may ber 
separately considered — ^namely, 1st, in the condition of an overlying mass, or 
or beds alternating with the regular strata; and 2nd, as dykes, traversing 
stratified and other rocks, and filling up cracks and fissures. In this latter 
state it often forms the connecting link between the tabular masses and some 
great subterranean reservoir, although in other cases it does not rise above 
the surface of the rocks which it penetrates. Its mineral constituents are 
essenti^dly the same as those of modem lava, but occasionally hornblende 
predominates, when, from the peculiar colour of that mineral, the name of 
greenstone is apphed to the variety. The most usual characters of the 
basaltic rocks 01 England are— (1) their iron-grey colour, approaching to 
black ; (2) their frequent tenacity and hardness (whence their value in maSing 
roads) ; and (3) a sharp and sometimes conchoidal fracture, and a granular 
aspect, indicating the commencement of cryatalline structure. They are very 
liaiDle to superficial decomposition, in which case the colour changes to a rusty 
brown, owmg to the oxidation of the contained iron, and the decomposition 
sometimes penetrates a considerable depth into the mass of the rocks, exhi- 
biting spheroidal masses less decomposable than the rest of the rock. There 
are several beds and overlying masses of trap among the carboniferous rocks of 
England, very many others ^^ch have only penetrated the Silurian rocks, and 
which, therefore, must have been erupted anterior to the decomposition of the 
Newer Palaeozoic strata. It will be sufficient to allude shortly to the principal 
instances, in order to give a general idea of the nature of these rocks of 
intrusion in our own countiy . Basalt occurs in overlying masses in manv part« 
of thenorthof England; emmencesofthiskindhaveoftenbeenchosenfortiiesites 
of feudal castles, and at Bamborough, where one of these castles was built, the 
thickness of the mass has been ascertained, by boring for water, to be seventy- 
five feet. A remarkable instance of overlying basalt may be observed forming 
a group of hills near the town of Dudlev, m Staffordshire. The rock here 
has received the name of Rowley rag,t from the village of Rowley, situated 
on one of the highest of the basaltic mils. It is extremely hard and of coarse 
texture, and has been used for paving the streets of Birmingham; a similar 
rock is found at a distance, forming the upper part of the lofty hills of 
Titterstone Glee and Brown Clee, in Shropshire. The trap in these places 
distinctly reposes on the coal measures, ana where it comes in contact with 
the coal nas ^eatly injured its Quality, and reduced it to a sooty state. The 
toadstone of i)erbyshire is a well known rock, apparently interstratified with 
the rocks of the Carboniferous period in that county, and it offers a very 
striking example of bedded trap. This toadstone, which had generally been 
described as repeated in three distinct beds, has been supposed by Mr. 
Hopkins to be the effect of only one, or, at ^e most, two eruptions of melted 



♦ Ansted's Geology, vol. li. pp. 208—218. t Tram. Boy. Soc. for 1804, p. 279. 

t It was a mass of this rock which fonned the subject of Mr. G. Watts' experiments, already 
deeeribed. 
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rock, and he has endeavoured to show that the several beds, apparently 
distinct, merely consist of the original one repeated in different part« of tiie 
district by faults. The abundance and accuracy of the detailed informatiQii 
offered in support of this yiew render it difficult to doubt that the con- 
clusion is correct. The determination of this point is of much importance in 
a country so valuable for its mineral resources, and the more so, because the 
identification of the limestones and associated lead veins depends on the 
position of the interstratified volcanic rock.* 

Basaltic dykes of very considerable extent traverse the carboniferous 
limestone in many parts of the north of England, some of them being 
as much as from thirty to forty feet in width. These dvkes are either 
vertical or very highly inclined, and the basalt of which they are formed 
is of a greenish-black colour and coarse texture. Sufficient evidence is sup- 
posed to exist of their igneous origin, and of the rock having been injected m 
a melted state, by the altered appearance of the wall of the dyke; for the 
adjacent coal, in one example, at Walker, in the Newcastle coal-field, is 
actually converted into coke, which, on one side, was found to be in* some 
places thirteen feet thick, and on the opposite side upwards of nine feet.t 
But this fact of the coal being completely charred and turned into eoke is 
common throughout the district, whenever a basaltic vein traverses coal- 
bearing strata, j; The rocks of volcanic origin, which are most commonly 
associated with basalt, are those called trachytic, or trachyte, from their 
rough feel when rubbed between the fingers. Trachyte is sometimes con- 
sidered to bear the same relation to granite that lava does to the ancient 
basalts, and is composed chiefly of felspar, combined frequently with a con- 
siderable proportion of silex. It abounds in the volcanic district of the 
Khine, and there forms a kind of imperfect building stone, and it is also 
common in various forms in the Puy de D6me, where it appears under veiy 
similar circumstances. Besides the ordinary form of trachyte as a volcanic 
rock, it appears yet more frequently in pulverulent masses of pumice, 
forming what is called tuffov tufa, which has been found in rocks of sul ages, 
interstratified with fossiliferous beds, but itself rarely containing organic 
remains. The presence of this tufa invariably marks the vicinity of igneous 
and erupted roots, and in this way it is often useful to the geologist, more 
especially in the older formations.3 It has frequently been attempted, more 



* At Teesdale, in Yorkshire, and elsewhere in the north of England, there are instances 
of highly picturesque scenery owing to the presence of basaltic rocks in various crystalline con- 
ditions. In these cases, the associated limestones are usually altered and converted into marble. 

t CJonybeare and Phillips' Geology of England and Wales, p. 447. It may be observed here 
that this evidence, though very plausible, is by no means fVee ftom objection, and the change 
observed may possibly be independent of the heat of the basalt. 

t A still more remarkable instance than that in the text, of the alteration effected in the 
neighbourhood of a trap-dyke, is related in the Tramactions of the Northumberland Natural History 
Society t vol. ii. p. 343. An account is there given of the greenstone dyke on Cocldield Fell, 
and its effects on the coal strata in one of the collieries of the great north-eastern coal-field. 
In working the coal towards this dyke, the change was observable at a distance of fifty yards, 
the coal becoming dull, and losing its quality for producing fiame. Nearer the dyke, it has the 
appearance of half-biumt cinder, and still nearer, consisted of sooty matter, caked together, 
wliile close to the dyke the bed was reduced in thickness from six feet to nine inches. This 
dyke is nearly vertical ; it has been traced about seventy miles from south-east to north-west, 
and is in some places eighteen yards in width ; and it is calculated to have spoiled as much as 
100 yards of coal along all that part of the seam traversed by the dyke throughout Cockfield 
Fell. The observation made in the previous note will also apply here. 

§ The pumice of commeroe can hardly be regarded as a distinct mineral, as it is only a 
cellular and filamentous state which several volcanic rocks (chiefly trachytes) are capable of 
assuming. It is not met with in all volcanic districts, and seems to be erupted only under 
peculiar circumstances. Vast quantities have been quarried at the foot of Ck>topaxi, one of the 
celebrated volcanoes of the Andes, and it there occurs in beds distinctly stratified, and is often 
associated with obsidian. The principal localities in Europe in which it abounds are the IJpari 
Islands, and some of' the islands in the Grecian Archipelago, Iceland, and the extinct volcaic 
of the Rliine. It is also found in Tenerifi'e, and in some of the volcanic islands of the 
eastern Archipelago. 
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especially by the continental geologists, to class the various rocks of igneous 
ongin with reference to their preaominant minerals, but these arrangements 
hare never attained any very general acceptance in our own country. There 
appear to be two series — ^those in which felspar or hornblende respectively 
aoound — ^in rooks of each geological period, and these in their most charac- 
tenstic forms of granite or trachyte, and basalt or lava, are sufficiently distinct, 
but they pass insensibly into one another by innumerable variations, which 
demonstrate the similarity of origin of all the unstratified rocks. 

It may, therefore, be considered, on the whole, that the occurrence of 
trappean rocks is a geological event belonging to all successive periods, and 
affecting all rocks whether stratified or not, but it is also evident, that while 
no rocks bear more strictly the marks of igneous origin than those called 
basaltic, even they are sometimes so distinctly stratified as to have formed 
thin layers alternating with ibssiliferous strata of aqueous origin and probably 
erupted from volcanic vents opening at the bottom of the oceau, as we 
have reason to believe stiU happens occasionally. There is, therefore, in 
these phenomena — ^which, it must be repeated, connect the rocks of known 
igneous origin, such as are still from time to time erupted, with the most 
ancient of those rocks supposed to be plutonic — a still farther and more 
interesting point rendered clear, the change being even indicated by which 
the regularfy stratified fossiliferous rocks pass first of all into metamorphic, 
and then into distinctly igneous formations. 

These facts with regard to ancient lava currents, erupted at various 
times and under various circumstances, afibrd ample proof that volcanic 
agency, or some veir nearly aUied force, has acted even during the formation 
of the lower, and therefore older, of those mechanically formed rocks met 
with in almost all parts of the Earth's surface. We must, however, now 
consider other appearances presented, in which igneous action appears clear, 
though not in the form exhioited in either modem or ancient volcanic vents. 

io8 Other Igneous Rocks not Volcanic. — ^A very large portion of the 
underlying rocks in many parts of the world, and almost all the highest peaks 
of the principal mountain ranges, are composed of rocks of which granite is 
the type, and which seem to have been upheaved from considerable depths, 
hearing with them in most cases masses of strata originally deposited 
horizontally upon them, but in the course of elevation cracked and broken, or 
otherwise altered, according to the nature of the elevating force and the 
mechanical condition of the beds themselves. These rocks are apparently 
igneous, but whether they were ever in actual fusion or not, their particles 
are now so arranged as to exhibit Tslearly the action of crystalline forces, and 
the rocks associated and lifted are not imfrequently penetrated by the granite 
or crystalline masses, or otherwise affected by them. The effects thus pro- 
duced are not attributed to ordinary volcamc action, for they are on too 
large a scale, and too little identical, to bear strict comparison with any 
results of such action at present. They are, however, not unlike when fairly 
considered, and afford most useful material, for such limited comparison as 
the case really warrants. 

The granitic rocks are very widely spread over the earth, and in most cases 
they form the underly: ng portion, witn reference to any sedimentary rocks 
that may appear. This inight be proof either of their bemg the most ancient, 
or the newest formed rocl:s,for ir the former, they must occupy as they do 
the lowest position, and if the latter, they may have existed in another form 
for an indennite period, although only recently placed in a state to affect or 
upheave otiier rocks. It is, however, certain, that they really are of various 
periods, and althoiigh from their extensive range often regarded as the 
loundation and solid framework of the Earth, they are possibly in the very 
act of formation far beneath the surface, even at the present day. 

Granitic rocks, although by no means always of the same general 
character, exhibit features which leave no doubt as to their nature, and may 
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be found in several localities in each, of the British Islands. Granite also 
occurs abundantly in other parts of Europe, as in the Scandinavian moun- 
tains, the Hartz, the rang;e of mountains separating North Grermany from 
Bavaria and Bohemia, the Alps both of Switzerlimd and the ^P^l> the 
Pyrenees and the Carpathians. In Asia it forms the centre of the Caucasus ; 
it occupies a large part of the Himalayan, Uralian, and Altai mountains, and 
is found also in Siberia. In Africa it appears in Upper Egypt^ in the Atlas 
mountains, and at the Cape of Grood Hope : it may also be traced along the 
western part of the whole of the two Americas ; and appears again in the 
islands of the South Pacific, and in Australia. 

But granite is only one form of igneous rock, and many others, some 
having the same general porphyritic character (crystids embedded in a base), 
are found in various parts of the earUi, either alone or in near association 
with true granite (quartz, felspar, and mica). Such rocks, under various 
names, have often been described in distinct groups as peculiar crystalline or 
chemical products, but many of the peculianties they present, are probably 
rather owmg to a difference in the rate of cooling of a large mass, than to 
any originaTcharacteristic. Thus, according to the rate of cooling, we might 
have a large or fine grained granite, or a nearly compact rock : or if the 
quantity of felspar was very great, and the cooling rightly proportioned, the 
micf^ and quartz might be crystallized in a compact earthy or glassy uncarystal- 
lized basis. In this way a felspar porphyry might be produced &om the 
same ingredients as ordinary granite, and the various greenstone, hypersthenic, 
homblendic, and other mixtures, do not require detailed descriptions in a 
general account of igneous rocks. 

Of the granite and similar rocks presented in the British Islands, some 
portions in Scotland (Isle of Skye), Cornwall, Cumberland, and elsewhere, 
nave not only forced up other rocks, but have also penetrated the fissures nkade 
in them during elevation. This seems to prove two important points — ^namely, 
that at least in these cases, the granite was more modem than the adjacent 
and overlying masses, and also was ejected in a soft or nearly fluid state. 
Granite veins or dykes, filling up crevices, are indeed by no means rare 
phenomena, although they had not till a recent period attracted fuU and 
complete attention. 

The chief field for observation of igneous rocks within the British Islands 
is in Scotland, where almost every variety is represented. The Grampian 
and other mountain ranges are entirely composed of granite, and in the 
adjacent islands it is repeated in all its characteristic features. In Cumber- 
land and North Wales, felspar porphyries take the place of granite to a great 
extent, and alternate with it. In Cornwall, granite re-appears in Wge 
quantity and throws off numerous veins. In the Malvern hills, and those of 
Chamwood Forest, in Leicestershire, Syenite prevails, while hypersthene rock 
frequently appears, and sometimes, as at CuchuUin and Carrock Fell, forms 
pinnacled moimtains. The rock called claystene, and claystene porphyry, 
and various amygdaloidal rocks, also present themselves, varying ana eom* 
plicating the phenomena. 

Thus do these igneous rocks present themselves at or near the general 
surface, in many important districts, and offer for the investigation of the 
naturalist many striking facts. The various rocks, abruptly rising and exposed 
at the surface, are often split by deep parallel fissures, sometimes formed into 
large flattened globes, which put on also a columnar appearance — ^and some- 
times worn into mounds, scaling off in layers at the surface. The same rocks, 
different only by the circumstances of their formation, are elsewhere split into 
blocks, which might at flrst appear roUed or transported irom a distance, but 
which are really only the results of a peculiar decomposition. 

All these and many other appearances have been described as, at some times 
and in some places, characteristic of this group of rock masses, which have 
indeed little in common either in material or order of arrangement of the 
material. It is important also, to remark in conclusion, that the mineralogical 
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and other peculiaritieB are wholly independent of age or position, for we find 
in opposite hemispheres in totally different climates, and under circumstances 

Serfectly distinct, the same general aspect and the repetition even in minute 
etail 01 many common igneous rocks. 

109 Metamarpkism, — ^The erupted rocks, whether granitlG or basaltic, 
not only act dynamically, shaking, eieyating, inclining, and laterally displacing 
the superincumbent beds, but also modify the chemical combinations of their 
elements, and the nature of their internal structure ; thus forming new rocks. 
These under the names of gneiss, mica slate, clay slate, granumr limestone 
or marble, and quartz rock, are often yery extensiye, and are denominated 
metamorphic, Tne theory of metamorphism is now established with reference 
to a great yariety of rocks, and the nature and amount of change are folly 
recognised. 

Obseryations made with great care, and oyer considerable tracts of countij, 
show that erupted rocks haye acted in a regular and systematic manner. Li 
parts of the globe most distant from each other, granite, basalt, and diorite 
are seen to haye exerted, eyen in the minutest details, a perfectly similar 
metamorphic action on the argillaceous schists, the compact limestone, and 
the grains of quartz in sandstone. But whilst the same kind of erupted rock 
exercises almost eyeiywhere the same kind of action, the difierent rocks 
belon^ng to this class present in this respect yery different characters. 
The effects of intense heat are indeed apparent in all the phenomena ; but 
the degree of fluidity has yaried greatly in all of them, from the granite to the 
basalt ; and at different geological epochs, eruptions of granite, basalt, green- 
stone, porphyry, and serpentine, haye been accompanied by the issue of 
different substances in a state of yapour. According to the yiews of modem 
geology, the metamorphism of rocks is not confined to actual change 
effeotea at the contact of two kinds of rock ; but it comprehends all the 
phenomena that haye accompanied the issuing forth of a particular erupted 
mass ; and eyen where there has been no immediate contact, the mere 
proximity oi such a mass has frequently sufficed to produce modifications in 
the cohesion of the particles, in the texture of the rock, in the proportions of the 
silicious ingredients, and in the forms of crystallization of the pre-existing 
rocks. 

All emptiye rocks nenetrate as yeins into sedimentary strata, or into other 
preyiously existing endogenous* masses $ but there is an essential difference in 
this respect between plutonic rocks — granites, porphyries, and serpentines — 
and those called yolcanic in the most restricted sense — trachytes, basalts, and 
layas. The rocks produced by the still existing yolcanic actiyity present 
themselyes in narrow streams, and do not form beds of any considerable 
breadth, except where seyeral meet together and unite in tne same basin. 
Where it has been possible to trace basaltic eruptions to great depths, they 
haye always been found to terminate in slender threads, examples of which 
may be seen in three places in Germany, — near Marksuhl, eight miles from 
Eisenach, — ^near Eschwege, on the banks of the Werra, — ^and at the Druidical 
stone on the Hollert road (Siegen). In these cases, the basalt, injected 
through narrow orifices, has trayersed the hunter sandstone and greywacke 
slate, and has spread itself out, in the form of a cup ; sometimes forming 
groups of columns, and sometimes diyided into thin laminee. This, howeyer, 
is not the case with granite, syenite, porphyritic quartz, serpentine, and the 
whole series of unstratified rocks, to which, by a predilection for mythological 
nomenclature, the term plutonic has been applied. With the exception of 
occasional yeins, all these rocks haye been forced up in a semi-fiuid or pasty 
condition, through large fissures and wide gorges, instead of gushing in a 



* This term has been nsed by Humboldt to designate all rocks formed or modified trom 
within, and therefore, not owing their essential characteristics to mere mechanical action. It 
inclndea the igneous and metamorpliic rocks of other authors. 
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liquid stream from small orifices ; and they are never fonnd in narrow streams 
life lava, but in extensive masses. Some groups of dolerites and trachytes 
show traces of a degree of fluidity resembling that of basalt ; others, fomiing 
vast craterless domes, appear to have been elevated in a simply softened state; 
others again, like the ^achytes of the Andes, in which Humboldt states 
that he Ims often remarked a striking analogy to the greenstone and syenitic 
porphyries (argentiferous without qiuurtz) are found in beds like gramte and 
quartzose porphyry. 

Direct experiments on the alterations which the texture and chemical 
constitution of rocks undergo, from the action of heat, have shown that 
volcanic masses (diorite, augitic porphyry, basalt, and the lava of Etna) give 
different products according to the pressures under which they are melted, 
and the rate at which they are cooled ; if the cooling has been rapid, they 
form a black glass, homogeneous in the fracture ; if slow, a stony mass of 
granular and crystalline structure, and in this latter case crystals are formed 
m cavities, and even in the body of the mass in which they are imbedded. 
The same materials also yield products very dissimilar in appearance, a fact of 
the highest importance in the study of eruptive rocks, and the transformations 
which they occasion ; since, for example, carbonate of lime, melted under 
high pressure, does not part with its carbonic acid, but becomes when cooler 
granular limestone or saccharoidal marble when the operation is performed 
vj the dry method ; while in the humid process, calcareous spar is produced 
with a less, and arragonite with a greater degree of heat. The mode of aggre- 
gation of the particles which unite in the act of crystallization, and conse- 
quently the form of the crystal itself, are also modified by differences of 
temperature ; and even when the body has not been in a state of fluidity, the 
particles, under particular circumstances, may undergo a new arrangement 
manifested by different optical properties. The phenomena presented by 
devitrification, — ^by the production of steel by casting or cementation, — ^by the 
passage from tibe fibrous to the granular texture of iron, occasioned by increased 
temperature and possibly by the influence of the long-continued repetition of 
slight concussions, — ^may elucidate the geological study of metamorphism. 
Heat sometimes elicits opposite effects in crystaUine bodies ; for Mitscherlich's 
beautiful experiments nave established tne fact, that without altering its 
condition of ag^egation, calcareous spar, under certain conditions of tempe- 
rature, expands m one of its axial directions while it contracts in the other. 

Passing from these general considerations to particular examples, we may 
mention the case of scmst converted by the vicmity of plutomc rocks into 
roofing slate of a dark blue colour and glistening appearance ; the planes of 
stratification are intersected by other divisional planes, often almost at right 
angles with those of stratification, indicating an action posterior to the 
alteration of the schist, the latter sometimes containing carbon, and then 
perhaps capable of producing galvanic phenomena. 

Sometimes the contact and plutonic action of ^anite have rendered 
argillaceous schists granular, and transformed the rock mto a mass resembling 
granite itself, consisting of a mixture of felspar and mica, in which lanun» 
of mica are found embeaded. We are told by Leopold von Buch, that all the 
gneiss between the Icy Sea and the Gulf of Finland has been produced by 
Tcetamorphic action of granite upon the silunan strata. In the Alps, near 
the St. Grbthard, calcareous marl has been similarly changed by the influence 
of granite, first into mica slate, and subsequently into gneiss. Similar 
phenomena of gneiss and mica slate, formed under the influence of granite, 
present themselves in the oolitic group of the Tarantaise, in which belemnites 
are formed in rocks which have already in great measure assumed the 
character of mica slate.* 

Eemarkable instances of metamorphism have been pointed out in the 



• Hmnboldtli Ommot, Sabtne, p. 3i5— 2(0. 
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Tyrol, especiaUj on tlie Italian side, where limestone ia altered by means of 
fissures traversing it in every direction, the intervals and cavities being filled 
with crystals of magnesia, and the original stratification completely obliterated. 
Others, not less remarkable, are &und also in the clin on the coast of 
ComwaU, and in many of the western islands of Scotland. 

no Dykes and Mineral Veifis. — One of the results of the introsion of 
igneous rock, and the consequent change effected in the molecular condition 
of the rock, is the production of crevices and fissures, which may either have 
arisen from the absolute elevation and consequent disruption oi the mass, or 
from contraction, owing to the drying or heating of the mass. Generally 
such crevices will be in two principal directions, uie one identical with that 
of the axis of disturbance, and the other at right angles to that axis — the 
former wiU be the longer and more uniform series, but will often include 
parallel fissures at intervals — the other will be shorter and more irregular, 
and perhaps diiefiy observable at intervals where there seem to have been 
points of more abrupt violence. It may be considered also highly probable, 
that since we find two kinds of fissures, one of considerable width at and near 
the surface, but becoming narrower in descendmg, while the other continues 
of nearly equal width to considerable depths, these two kinds are not 
unfrequently due to difierent causes, the gaping cracks frequently identical 
with ntults and dislocations of the strata resulting from upheaval, while the 
more even and regular crevices are connected with deeper-seated disturbances 
or the gradual contraction of very large masses. 

It is convenient to have two names to apply to phen^ena which often 
present themselves in such difierent manners. The broad cracks, sub- 
sequently filled up with matter thrown up from below, or overfiowing and 
80 running in, we may call dykes; while the narrower crevices, which, 
though also filled with various minerals, present them in a difierent way, 
are called veins. Examples of the former, filled with basalt or injected rock, 
have been mentioned in a preceding section, (see p. 288,) and we have now to 
consider the latter, which are of great practical importance, as containing not 
only crystalline earthj minerals, but a large proportion of the most valuable 
of those ores from which the metals are obtained. 

The mineral substances contained in these veins are of two kinds ; the one 
being generally either silex, fiuor-spar, or carbonate of lime, all earthy minerals, 
and generally in a crystalline state, the other consisting of metallic oxides and 
salts, in greater or less abundance. The latter h&ng the valuable produce of 
veins, are eagerly sought for and worked : but the others, not exhioitin^ any 
trace of metaSiic ore, possess little economic value. Two classes of veins mere- 
fore exist, which are found to difier from each other in various respects, and 
amongst the rest in compass-bearing and in their inclination to the horizon. 

It appears at first, that nothing can be more variable and unaccountable 
than the relation of the metallic ores in a mineral vein to the circumstances 
of position of the vein, but in spite of this, there really exists a certain 
amount of order, and an approach to regularity. In all districts traversed 
by mineral veins, there are, for instance, what may be called systems of 
reins, each system being characterized by some peculiarities of position or 
contents, and each, so far as we can judge, referrible to a distinct period. In 
Oomwall, there have been described eight such systems, and the same number 
had been observed by Werner, at Freyberg. In the former district, three of 
the systems run east and west, and one north and south, while anotiier ranges 
N. w . and S.E., or N.E. and S.W. Of these, the east and west veins are 
called right-nmning, because the^ include most of those which are productive 
for tin and copper, (the staple nunerals of the district,) while the north and 
south are callea cross-courses, crossing the first at right angles, and being also 
productive, but chiefly for lead and iron. The others are called contra lodes, 
and are few in number. The remaining three classes are also unimportant to 
the miner, and are usually filled with clay. 

The systems of yeins in the Freyberg districts are described by Werner, 
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and off^r a series of facts somewhat analogous to those observed in Cornwall ; 
bnt the metals are different, and so also are the preyailing directions of the 
lodes. The first and most ancient are chiefly north and south, and include 
those veins from which the chief supplies of lead and silver have been obtained. 
The second system (contra lodes) are more argentiferous, but much thinner. 
Their durection is about north-east and south-west. The veins of the third are 
all north and south, and those of the fourth are at right angles to them, being 
what are called in Cornwall cross-courses. TheylK>th contain lead glance. 
The others are less important. 

In the EngUsh lead districts, the systems of veins are much more simple 
than in Cornwall or Saxony ; the direction of the productive veins is, almost 
without exception, east and west, and they are traversed by cross-courses, 
not productive, at right angles to them. The underlie is seldom considerable, 
and it is tolerably uniform throughout the district. 

On the whole, and viewed with reference to the whole district, the directi<xi 
of the productive veins in Cornwall must be regarded as strikingly uniform, 
and the mean of nearly three himdred observations, recordea by Mr. 
Henwood, skives 4^ S. of W., while the actual direction, in nearly two-thirds 
of the number, differs but little from the average.* 

Lastiy, the ffuct of these veins being filled with various foreign substances, 
often placed one upon another, in regular order, and repeating nearly the 
same appearances, under similar circumstances, in the same mining district, 
is an important proof that they must be referred to some widel3r actmg, if not 
imiversal, cause, if we wish to account for them in any rational manner. 
Electricity, especially in those two important forms, galvanism and magnetism, 
offers the best and the most satisfactory explanation of the ^eatest nmnber of 
the phenomena. The constant action of a force so influential in re-arranging 
the ultimate elementary atoms of bodies, and causing them to enter into new 
combinations, cannot fail to produce great changes wnen actine under favour- 
able circumstances and for a long time. No doubt, however, mere have been 
many causes, proximate, if not direct and primary, which have all acted 
separately as well as jointly, and these may have operated at different periods, 
each tending to bring about results for which it was best adapted, and all 
together assisting in compHcating the chain of phenomena now offered for 
investigation. 

Mineral veins are very frequently faults or the result of the displacem^t 
of rocks, as well as simple crevices produced by contraction at separation in 
consequence of upheaval. In both cases they are sometimes fiU^ with soft 
clay ; sometimes the walls of the vein are lined with such clay, and sometimes 
the interior or contents of the vein are distinctly and at once separated from 
the walls without the intervention of any clay or other substance. . 

Veins vary exceedingly in dimensions, from less than an inch in breadth 
to many hundred yards, and from a lengtii scarcely appreciable to many 
miles. They traverse all kinds of rocks, but are greatiy affected by the kind 
of material through which they pass. They often cross each other, and are 
moved in position, the newer vein altering and heaving the older, and their 
contents are greatiy modified by all the mechanical changes to which they 
are exposed. 

The metalliferous ores contained in veins are very numerous, ^atly 
varied, and highly important, as from them are derived the chief suppues of 
metals used m the arts. Many of the metals, as gold and platinum, are 
found only in a native state, or alloyed with other metals ; others, as silver, 



* See Ansted's Geology, vol. ii. p. 256. The actual number of observations tabulated was 295; 
of this number the direction in 182 instances was between west and south-west, and in 62 others 
between west and north-west. Dividing Cornwall into ten districts, the mean direction of the 
veins in seven of the districts is much more south <tf west than the general mean, as the otha 
three districts chiefly contain the contra lodes. 
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copper, mercmy, arsenic, bismuth, &c., are found occasionally pure or 
allojed, and in tlie metallic state, but more frequently as metallic oxides, or 
mixed with other ingredients, and in an earthy state. Very common ores of 
copper, tin, iron ana manganese, are the oxides of those metids; other ores, also 
very common, of copper, lead, . silver, zinc, antimony, arsenic, &c., are com- 
binations of the metals with sulphur (sulphureU), and others a^ain with carbon 
and oxygen {carbonates) ; while some metals, such as cobalt, mckel, chromium, 
&c., are almost iuFariably found with other metals, such as arsenic and iron. 
With the common ores are mingled generally smaller quantities of other 
metallic salts and oxides, from which the numerous varieties presented in the 
mineral kingdom are derived. 

The mel^Uiferoua districts of the British islands are chiefly confined to 
the western and northern parts of England and Scotland, ana the eastern 
part of Ireland. Cornwall alone furnishes the whole of the tin and seven- 
eighths of the copper obtained, the rest of the copper being from Wales ; 
large quantities of lead are obtained from Durham and Northumberland, 
Cumberland, Yorkshire, and Derbyshire, although Cornwall, Wales, and 
Scotland also contribute no xmimportant quantity. Large quantities of zinc 
ore exist also in many of the lead districts of England, out are not now 
worked to advantage. The iron ores of England are chiefly "bedded, and do 
not, therefore, admit of description in this place, but large quantities of rich 
oxides (kcBmatite) are found in Cornwall, and in the northern part of 
Lancashire. The tin of Cornwall, chiefly in the form of oxide, supplies not 
only England, but a great part of Europe, a little being obtained from 
Saxony, and some small mines existing in Sweden and Austria. The island 
of Banca, in the Indian Archipelago, and the adjacent peninsula of Malacca, 
alsoyield a considerable quantity. 

Rassia is remarkable for numerous and rich supplies of gold, besides 
silver and lead; these, however, being chiefly importent in the more distant 
easterly provinces of that vast empire. France is comparativeljr poor in 
metalhc produce. Austria, chiefly in the Tyrol, and Hungary, yield gold, 
cobalt, iron, lead, silver, and mercury. Scandinavia is rich in iron and 
copper, while Spain yields mercury at Ahnaden, and lead and copper in other 
places. Prussia, witn the exception of some parts of Silesia, is comparatively 
poor, while Saxony is remarkably rich in ores of silver, lead, tin, and cobalt. 
Various smaller districts in Germany also ofler interesting spots to the miner, 
and amongst these the Hartz is perhaps the moat remarkable. 

While Europe and Northern Asia thus ofler a multitude of places whence 
metalHc riches may be obtained, other parts of Asia, especially India and the 
country adjacent the Malayan peninsula, together with Southern Australia, 
are amply provided with similar resources. Nor is America less favourably' 
circumstanced, since Mexico, Columbia, Brazil, and, as has been lately shown, 
California, are rich in the precious metals, copper, and quicksilver, whilst 
elsewhere, as in the United States and Canada, the metalliferous minerals 
already discovered are numerous, extensively distributed, and of great value. 
Africa again appears to contain several metals, among which gold is not the 
least important, and many parts of Australia have already yielded large 
suppHes of mineral wealth. 

All these mineral districts ofler the same general structure, and in most of 
them similar metaUiferous veins are found in the same kind of metamorphic 
rock. Mountain-chains, or hiU-tracts, presenting distinct axes of elevation, 
mark the line of greatest mineral riches m Great Britain and Scandinavia, the 
Ural Mountains, the Altai Mountains, the mining countries of the Hartz, 
of Hungary and Silesia, the Eastern Archipelago and Australia ; while the 
Pgantic Cordilleras of the Andes, in South, and the Eockv Mountains in 
North America, traceable throughout the whole length of tne New World, 
are also remarkable for their metalliferous produce. 
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CHAPTER IX. 

STEUCTUEAL PHENOMENA CONNECTED WITH 

AQUEOUS ACTION, 

9 111. Stratificatioii. — 112. Heohanical dMurbaaoe of beds. — 118. Order of 8operpositi(m of 
European strata. — 114. Lower Palnozoic rocks. — 116. Middle Palieozoioroeks. — 116. Car- 
boniferous system. -» 1 1 7. Hagnesian limestone, or Permian system. — 1 18. Upper New Bed 
Sandstone, or Triassic system. — 119. Liassic groop. — 120. Oolitio system. — 121. Wealden 
group. — 123. Cretaceous System. — 123. Older Tertiary rocks of England, France, and 
Belgium. — 124. Middle and Newer Tertiary formations of Europe. — 125. Tertiary deposits 
of Asia and America. — 126. Newest deposits of gravel and dilnrium. 

QTBATIFICATION.'-There are two classes of structural phenomena 
A3 observable in aqueous rocks — ^the one including phenomena ofdeposition, 
the other of disturbance ; the former presenting the result of many ages of 
uniform action, similar to that going on around us in eyery river and on 
every coast, while the latter marks the intervals of such regular action, aad 
their interruption by upheaving and other forces from below, producing 
mechanical displacement, and often attended with the incursion of such rocl^ 
as we have been considering in the last chapter. As it is the object in the 
present chapter to study those structural phenomena which are connected 
with aqueous action, it is manifest that we have to deal with the former of 
the two classes of facts just referred to. 

No one at all acquainted with the coast of our own island, or with the 
Earth's structure as exhibited in qiuirries, railway cuttings, coal mines, or 
other places where that structure is laid bare, can have failed to remark 
frequent evidence of mechanical deposition and arrangement in the various 
layers presented, and in the alternations of sand and clay, limestone and sand- 
stone. As httle can it have escaped the notice of any careful observer, that 
these layers are not, for the most part, horizontal, but tilted more or less, and 
sometimes very considerably, so that in travelling through a country we may, 
if our route hes in a certain direction, cross the edges of a number of beds in a 
comparatively short distance, or, on the contrary, may continue on one bed 
constantly, tnough that bed is manifestly of no great thickness. In other 
words, the various beds possess a certain definite direction or length, and a 
limited breadth, arising from and depending on their inclination to the 
horizon, rather than their absolute thickness. This is expressed in geological 
phraseology by the terms strike and dip, the former meaning the direction 
m which the edge of the lifted up bed is to be traced along the Earth's 
surface, and the latter the amount of its inclination to the horizon, which 
must necessarily be at right angles to the former direction, whatever that is. 
The geologist, taking advantage of this structure and position of the beds, (the 
result, no doubt, of the subterranean upheaving motion already described,) 
learns to connect together appearances in different countries, to extend his 
knowledge of different beds and multiply very greatly his observations on 
them, to discover the circumstances of their deposition, by looking at their 
present aspect, and arrange them in such ord!er that he shall be able to 
recognise them when he desires to compare those found in distant places, 
^e materials, therefore, of the Earth's crust being to a great extent 

rranged in layers, beds, or strata, and appearing to have been deposited 
from suspension in water, the term * stratification' mcludes a very large class 
of phenomena, and we may employ the expression * stratified rock/ 
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as a descriptiye and distinctive name. The rocks described in the last 
chapter are, on the other hand, ' tinstratified/ for they exhibit neither the 
appearance referred to, nor any marks of slow subsidence from water. 

The general appearance of a stratified rock is that of numerous layers of 
material of the same kind — ^whether simple limestone, sandstone or clav, or 
any mixture of these — ^forming together a group to which the name of bed 
may be applied, and which difSrs &om the separate leaf-like and irregular 
layers in presenting characters somewhat more marked at its junction with 
another such group or bed. Thus, a bed of clay may be of indefimte thickness, 
and may eyen form an almost homogeneous mass; but, provided it is 
separated from similar or dissimilar beds, it is considered distinct, even if 
resting on, or overlaid by other clay of the same kind ; but minute differences 
of colour or tenacity are general^ manifest, and afford sufficient proof of 
aqueous ork^, by producing, in fact, these ordinary appearances of stratifi- 
cation. The word stratum (plural, strata) is very commonly used as 
synonymous with led, as, on the other hand, bedding is synonymous with 
stratification. When, as frequently happens, several iJeds or strata rest upon 
one another, and are possessed of certain common characteristics, having 
been apparently deposited continuously, the whole together are distinguishea 
as & formation, and in this way we speak of the chaUc or the London clay as 
formations, meaning thus to express a higher step in generalization man 
when we speak of them merely as strata. 

But the further investigation of nature shows that there are not only a 
great many of theae formattons, but that we may occasionally include several 
of them under more comprehensive titles. In this way, a number of 
formations together mav be collected into a system, so that, for instance, the 
chalk and greensand K)rmations, which have certain characters in common, 
are spoken of together under the name of the ' Cretaceous System,' lliere is 
a yet higher division also, which is oilen adopted, and accormng to which the 
wnole series of strata are collected into three ^eat groups, and this, as its 
most striking feature, involves a total dissimilarity of fossil remains ; and the 
lapse of a long period of time bein^ supposed to nave been the chief cause of 
this change, the group is sometimes denoted by the term period. The 
expression series, is also conveniently applied in some cases, and its use may 
occasionally be the means of avoiding difficulty or objection. 

The whole number of strata thus grouped is exceedingly great, and their 
total thickness, if added together, wonid amount to many miles; but 
as there are no mines so deep, and no mountains so lofty, as to exhibit 
anything like the half of this thickness, it becomes necessary to inquire what 
are the means in the possession of the geologist, by which he can attain a 
knowledge which would thus seem necessarily shut out from him. The 
explanation of these means introduces another and most important branch of 
our science. 

112 Mechanical Disturbance qf Beds, — ^We have said that the beds are 
generally tilted or removed by some elevatory process from below into a more 
mdined position, with reference to the horizon, than that in which they were 
deposited. Now, since we find, on examination, that this elevatory process 
has acted very frequently during the deposit of the beds that form the 
series in such a country as England, it appears that the formation of regular 
strata has been accompanied from the very beginning by the action of forces, 
sufficiently powerful to elevate, break asunder, or alter the position of the 
whole mass of matter intervening between the point of application of the 
force and the surface of the solid matter of the globe at the time, and that 
these forces, although frequently shifting, were generally exerted in the 
same or nearly the same direction. It is clear also, that since the 
rocks have been very frequently consolidated and greatly altered, (partly, 
perhaps, by chemical and electrical causes, and partly by heat,) after they 
were deposited but before they were disturbed, and then after this have 
received the deposits of the next newer period — sufficient time must have 
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elapsed to allow of all this change, the greater part of which was, douhtless, 
effected by a process not merely graduain but even slow. 

Of the maenitade and mode of action of these forces, the obserrationg 
which we are able to make on the rocks exhibited at and near the surface of 
the Earth, and which we have already considered, enable us to form a very 
real and useM notion, and although uniform in their nature, they hare 
produced two distinct series of phenomena. From the examination of the 
first it appears, that the disturbances have often been such as to produce 
violent and sudden changes upon districts comparatively limited in extent, 
and that these changes have been accompanied by the eruption of heated or 
melted matter from beneath the surface. Erom the other appearances, we 
learn that tracts of land or of sea bottom of great extent naye been the 
subject of slow and constant alterations of leyel, apparently without violent 
changes or marks of disturbance observable at the surface. To the action of 
the latter forces we must refer the general elevation of low and undulating, 
and ofcen of mountain, districts, both island and continent, and their occa- 
sional depression; while all local disturbances, and the first formation of 
great mountain chains, belong to the other series, the forces acting at longer 
mtervals and with greater vi^enoe over limited tracts. 

The geological result of these forces has been, as we have said, to alter 
considerably tne original horizontality of strata, to produce those phenomena 
which are respectively known as di^ and strike^ to cause the existence of 
d/ylces and faults, of afUiclinal and fynclifial aaes, of domes of elevation or 
saddles, and valleys of elevations, while the position of many beds originally 
horizontal, but now seen lying on the upturned edges of the underlying beds, 
has introduced the necessity of employing such terms as conformable and 
unconformable stratification. These terms form a part of the technical 
vocabulary of the geologist, and their meaning requires to be fully under- 
stood before commencing an^ important geological investigations. 

113 Order of Swperposttion of European Strata, — It is highly necessary 
to be acquainted generally with the whole series of mechaniciu deposits, and 
although it could nardly be expected that any one country could give a series 
so extensive, yet it so happens that most of the beds found in any part of 
Europe are met with also in the British islands. 

The following table, though chiefly adapted for our own country, will 
also serve to give a general idea of the oraer of superposition of stratified 
rocks, and of the groups into which they have been collected. It wiU there 
be seen that we have a large number of rocks and collections of rocks to 
consider and compare, and that they have been arranged, as has been already 
intimated, into three principal divisions, called Periods, and in fourteen less 
comprehensive groups, called series, or systems. Of each of these we shall 
next proceed to give a brief outline, enumerating at least some of the more 
remarkable facts mat have been determined with regard to the materials of 
which these groups have been made up, and the circumstances under which 
they are generally presented. It will be observed, however, that whilst in 
the table we have thought it best to give the order of succession in such a 
way that the eye would not be deceived in referring to it, it has been preferred, 
on the other hand, to commence the more detailed description with the rocks 
lowest in position, and therefore first formed. The reason for so doing will 
be very manifest when it is considered, that to give a true idea of the order 
of superposition in a table, the natural position must be observed, while to 
speak of the rocks themselves, which are derived &om each other, the history 
is best given by commencing with the most ancient formations. 
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TABLE OF CLASSIFICATION OF ROCKS. 



TERTIARY PERIOD. 



BsmsH. 

Modem Ik^osite, 
/Raised beaches. 
Peatbogs. 
Submerged forests. 
Deposits in caverns. 
.Shell marls. 

Newer Tertiary, or Pliocene Series, 
• Upper gravel and sand. 

Mammaliferous crag. 
Freshwater sand, and gravel. 



.Red crag. 



Middle Tertiary, or Miocene series. 
Coralline crag. 



Lower Tertiary, or Eocene series. 



/Flnvio-marine beds. 
Barton days. 

Bagshot & Bracklesham sands. 
London day and Bognor beds. 
Plastic and mottled clays, sands, 
and shingles. 



FoBEiGN Equivalents, ob Stnonths, 
AND Chief Foreign Localities. 

Similar appearances in Northern Europe, 
Siberia, and America. 



These beds, or their equivalents, are 
known in various parts of Northern 
Europe and America. Other, but very 
different deposits, are the newer beds of 
Sicily. Others, again, are found occupy- 
ing a large part of South America. 

Loess of the Rhine. 

Subappenine beds. 
Brown coal (of Germany). 
Belgian tertiaries (Crag). 
The Sivalik beds (India) are supposed to 
belong partly to this period. 

Touraine and Bordeaux beds. 
Part of the Molasse of Switzerland. 
Vienna basin. 

Certain European, Asiatic, North African, 
and North American beds. 

Paris basin. 

Central France. 

MoUuse of Switzerland (lower beds). 

Belgian tertiaries. 

Various beds in Western Asia and 

India. 
Various beds in North and South 

America. 
Nummulitic beds. 



Cretaceous system. 



SECONDARY PERIOD. 






I 



Upper chalk with flints. 
Chalk without flints. 

.Lower chalk and chalk marl. 

Upper green sand. 
Gault. 

Lower ffreen sand. 

a. Kentish rag. 

b, Atherfield clay. 
,? Speeton day. 



Wealden system, 

f Weald clay. 
< Hastings sand. 
l^Purbeck beds. 



Scaglia. limestone of the Mediterranean. 
Maestricht beds. 

Senoniom division of D'Orbigny (Craie 
blanche). 

(Turonian beds of D'Orbigny (Craia 
< tu&u). 

[^Quadertcmdstem of Q^rmany. 
Albion beds of D'Orbigny. 
PldMerhcUk of Germany. 

NeacofMon of Switzerland and France. 

HUstkon of Germany. 

Pondicherry beds. 

Bogota beds, South America. 

% Aptian beds of D'Orbigny. 

? HUs-conglomerat of Germany. 

Near Boulogne. 
North of Germany. 
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BBinsH. 



SECONDABT PSBIOD— CCm^tni^i^. 

FoBEioir Equivalbhtb, ob Stnontms, 
ASTD Chibf Fobkign Looauiebs. 



Oolitic system. 



i 



I 



Jwra limestone is the usual conidnental 

imonym. of our oolitic series, 
litnogpraphic limestone of Blangy. 
Honfleur clays. 
Solnhofen beds 
Beds in South of Russia and in India. 



^ 



r Portland stone. 

a. Limestones with day and 

cherty bands. 
h. Siliceous sand. 

'Kimmeridge beds. 

Coral and calcareous grits. 
Oxford day. 

a. Stiff clay. 

b. Kelloway's rock. 

/Combrash. 
Forest marble. 
Bradford clay. 
^ ■< Great Oolite. 
3 Stonesfield slate. 
Fullers' earth. 
Vinferior Oolite. 

lAassic system* 

'Alum shale. 

Marlstone. 

Lower lias. 

, White lias. 

Vjpper neto red sandstone, or Triassic system. 

Bone bed of Aust diff. 

Variegated marls, with salt and Keu^per marls, or Mames irisies, 
gypsum. 

Muschdhalk, 



NenncBon limestone, 
Argile de Dives. 



Stage Baihomen is the name given by 

D'Orbigny to our lower Oolites. 
Caleaire d polypiers, 
CcUocUrede Oaen, 



Ccdeaire d gryphiUs. 



^Yari^rated sandstones. 



BwUer Somdttein, or Or^ Ugcun^i. 



PALEOZOIC PERIOD. 
Magnesian limestone, or Permian system, 

fMa^esian limestone, Zechstein, 

i DolJmitic conglomerate. Kitpfer-schiefer and other shales. 

I^Lower new red sandstone. RoHe-todU-liegende, 



Carboniferous system, 

( Coal measures. 

a. Gritstones. 

5. True coiJ-measures. 

c. Freshwater limestone of 
Burdie House, near Edin- 
burgh. 



Millstone grit. 

a. Ooarae gritstones, 

b. Laminated shales. 

Carboniferous limestone. 

a. Bands of fossiliferous limo' 

stone. 
&. Shales (Catp, Culm). 



The coal-measures occupy an important 
place in various parts of the Continent, 
in Belgium, France, the Rhine, South 
Russia^ and also in North America^ in 
various parts of Asia, and in Australia. 
The foreign synonyms are, SteinkMen- 
gebirge, Terrain houilUer, Terram car6o- 
nifere, and Terram a/nUhraocifere, 

The millstone grit is generally a bed of 
subordinate importance out of tiie Britisih 
islands. 

The Kiesd-schiefer of Germany is an 
equivalent of the carboniferous limestone. 
The Belgian limestone beds, and others in 
Northern Bavaria, are in the same part 
of the series. 
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Bbitisu. 

Devonian^ or old red sandstone system, 
'Quartzoae conglomerates {Old 
red aandstone) in South Wales 
and Scotland ; represented by 
coarse red flagstones and 
slates in Devonshire and Corn- 
wall. 
Gomstone and marl of the old red 
sandstone. Calcareous slate, 
limestone, sandy beds, and con- 
j glomerates of Deyonshire and 
»- Cornwall. 

Upper Silurian series. 
' Tilestone. 
Ludlow group. 

a. Upper Ludlow shales. 

b. Aymestry limestone. 

c. Lower Ludlow shales. 
Wenlock group. 

a, Wenlock limestone. 
h, Wenlock limestone. 



Lower Silurian series, 

50. Caradoc sandstone. 

51. liandeilo flags. 



1: 



FoBEiON Eqotvalents, OB Stnontms, 
ASD Chikf Fobbion Localities. 

Devonian beds are well known in Bel- 
gium, the Eifel, Westphalia, and North 
Bavaria. In Russia, the old red sand- 
stone appears, and contains similar fossils 
to those found both in the corresponding 
beds in the British islands, and also in 
Devonshire and Herefordshire. The Pa- 
IsBozoic beds of Austmlia are supposed to 
be contemporaneous. 



Silurian strata extend over much of 
northernmost Europe, and corresponding 
latitudes in America. They have been 
found in Brittany, in Westphalia, near 
Constantinople, and in Asia Minor. In 
South Africa, the southernmost parts of 
South America, Australia, and China, 
dififerent contemporaneous rocks have 
been determined. In mineral character 
they are generally distinct from the Eng- 
lish beds, but offer no marked characters 
uniformly present. 



114 The Lower Palaozoic Socks, — The rocks of the Falseozoic or older 
period are remarkable for possessing a certain striking uniformity of mineral 
character, in various very distant parts of iAie globe in which they have been 
examined. Thej either rest at once upon the granitic framework of the Earth, 
or pass by a series of insensible gradations from crystalline and altered rocks, 
which appear to have been originally formed by the decomposition of granite. 
These latter rocks also were either deposited before any living creature 
existed upon the Earth, or under circumstances which did not admit of their 
presence or preservation. The Palaeozoic series consist of (I) the group of 
Lower Silurian rocks ; (2) the Upper Silurian rocks ; (3) the Devonian or Old 
Bed sandstone system ; (4) the Carboniferous system ; and (5) the Magnesian 
limestone or Permian system. 

1. 2Jke Lower Silurian Hocks, — These rocks are best known by the hard, 
dark-coloured, gritty beds abundantly met with near the town of Llandeilo, 
in Caermarthenshire, and thence called Llandeilojlaffs, and the sandstones 
with calcareous bands found on the flanks of Caer Caradoc in Shropshire, and 
denominated Caradoc sandstones. These, the original subdivisions of the 
Lower Silurian system, are, however, strictly local, and cannot be traced 
even throughout the northern part of Wales, although remarkably perfect 
in South Wales and Shropshire. The older Silurian strata thus determined, 
are found to be repeated under varying mineral conditions, throughout North 
Wales ; they occur also very distinctly, although not to any ffreat extent, in 
Cumberland and the Lake district ; they anpearto exist in Irdand ; and they 
are met with in the south of Scotland, ana the west of Cornwall. In most 
cases, the true, age is somewhat doubtful, owing to the absence of any 
satisfactory evidence of condition or superposition. 

On the Continent of Europe these rocKS may be traced, though not with- 
out difficulty, in various parts of Westphalia and from point to point into 
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Bohemia, and the;p^ hare been identified near Prague ; they appear also in 
Silesia, and in tms way seem connected with blue clays and other rocks, 
probably of the same age, in Bussia, lying horizontally and undisturbed on 
the gneiss and other altered rocks of those districts. There is a much thicker 
series of rocks of the same age in Norway. 

In Asia, the eastern flanks of the Ural chain seem to exhibit some specimens 
of the same ancient formations. In Southern Africa, similar rocks have been 
observed; many parts of North America exhibit them expanded to an 
enormous extent ; and in South America, the frowning precipices of Tierra 
del Fuego and Cape Hoom seem to be formed of contemporaneous deposits. 

The thickness of the Lower Silurian beds, although extremely yariable, 
is 80 frequently considerable, that whatever may have been the circumstances 
of deposition, we are iustifled in supposing tKat a very long period of time 
must have elapsed before the completion of the series. In our own country, 
this thickness amounts to several thousand feet. 

The proportion of argillaceous matter and quartz, but chiefly the latter in 
its various forms, is, on the whole, much greater than in any newer rocks, 
and the mixture of calcareous matter less ; while the presence of mica is clear 
proof of the preponderance of granite among those rocks to whose degradation 
the presence orthese slates and sandstones was owing. In the British Islands 
and very generaUy in other countries, the group is renresented by a greyish 
coloured sandy stone, often slaty and flaggy. In North Wales the slates have 
undergone an amount of mechanical pressure so considerable that they are 
often folded and twisted into the most extraordinary contortions. Such 
results are, however, merely local. 

2. 7^ Upper Silurian Rocks, — The country of the ancient * Silures' in 
Wales and Shropshire, is the classic ground of these rocks in England, and 
exhibits the most remarkable and beautiful series of them anywhere discover- 
able. They are here distinctly a separate group from the Caradoc sandstone, 
and although their upper beds pass mto the Old Bed Sandstone of Hereford- 
shire and me neighbouring counties, there can be little difficulty in at once 
perceiving that they form a great natural series, grouped into distinct for- 
mations. 

The neighbourhood of Wenlock and Wenlock Edge, and the hill on which 
Dudley Castle is built, offer the best examples of the lower of these forma- 
tions, and have given a name to them. They consist of limestone overlying 
shale, the latter — the Wenlock shale — generally of dirty, muddy appearance, 
and of grey or blackish colour, containing impure argillaceous and calcareous 
nodules. This is succeeded by an impure mnestone, (containing a good deal of 
argillaceous matter,) the different layers of which are separated by clayey beds. 

The uppermost group of the Silurian rocks is best seen at Ludlow and its 
vicinity, and comprises two beds of shale or mudstone (the Upper or Lower 
Ludlow shales) with an intervening bed of limestone (the Aymeslary limestone) 
somewhat less argillaceous than that of Dudley. As might be expected, the 
limestone is sometimes absent, and, in that case, two beds of shale united 
represent the whole formation. The upper beds of the Ludlow shale pass 
upwards into sandy beds, and others whicn contain in incredible abundance 
the fragments of several small fishes. 

These subdivisions of the Upper Silurian rooks are strictly local, and should 
not be looked for in other districts. In North Wales, the micaceous sand- 
stones near Llangollen, the Denbigh flagstones, and a large series of rocks 
probably belong to the newer part of this period. In Cumberland, a great 
proportion of the mechanical rocks must also be referred to the same age ; 
and in Ireland there are extensive similar and contemporaneous groups of 
strata^ In the Border country and other parts of Scotland, there are rocks 
of this age of uniform character, and much altered from their original 
condition. 

On the Continent of Europe a considerable proportion of the so-called 
grauwatckS of Belgium, Ehineland, and Northern Westphalia, similar beds in 
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Brittany, others In Spain, and others in the Thradan Bosphoros, near 
Constantinople, have been shown to be of the Upper Silurian age. Other 
rocks in Northern Europe, in Bussia, and Scandinavia, are yet more distinctly 
identifiable with our own Silurian strata; and in iNorth America, South 
America, and the Polynesian Islands, there seems good evidence that ^oups 
of fossils more or less characteristic and identi^ with English Silurian 
species, mark a contemporaneous deposit of a very similar kind. 

115 The Middle PahBOZoic Mocks, — In the typical Silurian district the 
Upper Silurian rocks pass upwards into a sandy rock which is occasionallj 
micaceous and becomes a flagstone. This rock, imder the name of tilesione, is 
now ranked as part of the Silurian series. It appears mostproperly to belong 
to the latter ; but the doubt that has been felt is a sumcient mark of the 
perfect passage between these two formations which, in most parts of England, 
differ completely in mineral structure. In fact, the so-called tilestones, which 
are often nothing more than hard and coarse sandstones alternating with red 
shales, pass into and are overlaid by a number of clayey and marly beds, 
which aiford an exceUent soil by decomposition, and are locally called conu 
gtones, and these again are covered up by thick and extensive masses of con- 
glomerate and coarse sandstone, the conglomerate consisting, for the most 
part, of quartzy pebbles imbedded in a red matrix, and known as the quartzose 
conglomerate. 

The whole together make up the Old Eed Sandstone Series of Here- 
fordshire and Monmouthshire, and occupy a considerable district on the 
borders of South Wales, being there developed to a very great thickness. 

The Old Red Sandstone does not, however, always retain the same character 
as that described above : — as we advance northwards in England, the thick- 
ness of the bed diminishes, and it loses many of its peculiar features ; but it 
fippears again as a thick irregular conglomerate in Westmoreland ; and there, 
as in Herefordshire, the passage upwards from the Silurian rocks appears 
complete. But it is chiefly in Scotland that we find those huge masses of 
enormous thickness, from which the common notions of geologists concerning 
the Old Eed Sandstone are derived, and the beds there extend at intervals 
for 120 miles, fringing the old rocks and attaining a thickness of many 
thousand feet. They are also continued round the coast, and are found in 
many of the Western Islands of Scotland. 

Of this series there are said to be three subdivisions, and it is not unlikely 
that these are sufficiently well exhibited in various districts to allow of their 
being locally determinable. It is necessary, however, to look upon the whole 
as the result of causes acting during a loi^ and unbroken period, probably 
corresponding to the middle and upper portion of the Old Eed Sandstone of 
HereK^rdshire. In North Britain, the whole deposit rests on the gneiss ; the 
lowest bed is a conglomerate of enormous but variable thickness, evidently 
made up of the broken fragments of the old granitic and porphyritic rocks, rolled 
and tossed about for ages in a troubled sea, the hardest stones being often 
rounded into bullet-shaped pebbles, by their long and incessant attrition 
against each other. These conglomerates, however, are not universal, being 
sometimes succeeded and sometimes replaced by a series of remarkable bitu- 
minous schists, which, in Orkney and Caithness, abound with the remains of 
fishes, and exhibit also some fragments of vegetables, the whole being over- 
laid by rocks of marly character, sometimes becoming a mere friable clay. 
The uppermost beds consist chiefly of quartzose sandstone. 

The Old Eed Sandstone was K)rmerly supposed to be a local formation 
entirely confined to the British Islands, and its true importance, as representing 
a very well marked Geological epoch, has only lately been fully recognised. 
Although, however, it might well be supposed accidental that so large a series 
of coarse sandstones should be deposited as we find in Scotland and Here- 
fordshire, a nearly similar series is found in Eussia, covering a vast tract of 
country ; and in the Western States of ^orth America^ a group has been 
described strikingly similar to the lower part of the Old Eed of Scotland, 
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The beds, now called tlie Dbvostian Sebibs, wHch take tlie place of the 
Old Bed Sandstone in the south-west of England, are for the most part 
calcareous slates, often sandj, and sometimes alternating with extensiTe sandy 
beds, and with imperfect limestones. 

In Ireland, the Old Eed Sandstone is represented by coarse conglomerates* 
and occasionally by arenaceous clayey beds. 

On the Continent of Europe, although true Deronian strata exist and are 
abundant, Uiey are so complicated, and the order of superposition is so 
difficult to make out, that they could hardly hare been determined, had 
not this obscurity been first deared away oy inTestigations in our own 

country. 

In Selgiimi, the Deyonian limestones pass out of those belonging to the 
Silurian period without any break of continuity, and appear to include a 
perfect series, passing, idso without any break, into tne carboniferous 
rocks. On the right bank of the Ehine, near Cologne, where Silurian and 
Devonian beds appear, the whole series is inverted, the Devonian actually 
overlying the Silurian strata; and, farther to the south, in the north of 
Nassau, there are extreme contortions, marks of which may be seen at the 
fortress of Ehrenbreitstein on the banks of the lUiine, near Coblentz, and still 
more on the banks of the Lahn, going up towards Ems and Nassau. The 
Bussian strata exhibit no such extreme confusion ; but they include many rocks 
totally different in mineral composition from any that are known to be 
contemporaneous, fdthough they also represent almost every form that the 
Devonian strata or Old Ked Sandstones assume in other parts of the world. 

ii6 7^ Carboniferous System. — The uppermost beds of the Old Eed 
Sandstone and the Devonian series are often found to pass by a succession 
of shaly beds, or by an alteration of fine conglomerates and shales, into a 
black imperfect limestone, succeeded by other limestones, less argillaceous, 
and very soon covered up by extensive and thick limestones. The bottom 
beds of the series are commonly seen in Ireland, and they are found also in 
the Isle of Man, where they become fiaggy limestones, and they are also 
probably represented in the carbonaceous rocks of Devonshire. Generally 
speaking, however, the overlying limestones do not pass into the Old Eed 
Sandstone or Devonian shales by any passage of this kind, but cover them 
irregularly and often unconformaoly. 

The distinguishing feature of the carboniferous rocks, wherever they have 
hitherto been found, consists in the very profuse distribution of carbon in 
various shapes through almost every member of the series. This is shown 
in the lower beds by the prevalence of carbonate of lime, in the middle ones 
by the occasional remains of vegetables, and in the upper by the existence of 
entire beds of carbonaceous matter, commonly used as fuel in this country, 
and well known as coal. None either of the older rocks or those of newer 
date, can be at all compared with these FalsDOzoic strata in respect to the 
abimdance of carbon they contain. 

Owing in many cases to subsequent movements of dislocation in the 
districts where these rocks appear, they are often broken up into fragment, 
and distributed into areas which have the character of basins or hollow 
depressions. In this way especially, the rocks which contain the largest 
quantity of vegetable ciEurbon or the ' coal strata' are limited in range, but 
tnis is not the only reason for this limitation, since tiiey must have been also 
greatly confined m the actual area over which such large contributions of 
organic matter could be accumulated. 

The general order of superposition of the carboniferous series seems to 
have been (1) a widel^r-spread lormation of limestone, for the most part the 
work of the coral animal ; (2) a series of mtstones or coarse sandstones, 
called the millstone ffrit, alternating with, and sometimes replaced by shales ; 
and (3) a great series of sandstones and shales, containing amongst them the 
various beds of coal, and also containing thin seams of iron ore, and generally 
spoken of as the coal measttres^ 
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The first of these beds is generally called the Carboniferous or Motmtain 
Limestone. It oceapies a prominent place in the Geology of England, and 
contributes much to the picturesque oeauty of Yorkshure, Derbyshire, &o. 
In the north of Yorkshire, seyeral thin beds of coal are met wil^ in its lower 
part, although in other districts of England the vegetable remains are chiefly 
confined to the coal measures. It oi^n aboimds in cayems, some of which 
are of great extent ; and, in Derbyshire and elsewhere, numerous mineral 
yeins travefse it and yield a considerable quantity of lead and zinc ore. 

The Idillstone Grit is an important deposit in the north of England, where 
it occupies an extensiye tract of country, and is extremely thick. In the 
middle and south of England, however, it fades away, and is almost lost, 
being feebly represented by a thin pebbly gritstone interyeninff between the 
true carboniferous limestone and the coal measures. In Irelanc^ it re-appears 
in great force in the mountains about Enniskillen. 

The Coal Measwres must be considered with reference to the yarious 
districts in which their yast yalue and importance are chiefly felt. The great 
North of England or I^ewcastle coal field is partly coyered up by the Ma^- 
nesian limestone in Durham, and is occasionally worked througn tius bed. 
It contains about eighteen workable seams of coal (whose total thickness 
is about eighty feet) alternating with shale and sandstone, and greatly 
disturbed by faults and dykes. Tne coal is the most bituminous and one of 
the best adEapted for economical purposes of any yet known. 

Hie Lancashire coal field occupies a consiaerable area, and is connected 
with that of Yorkshire. It includes perhaps the most perfect series of the 
rocks of the period anywhere existing, and consists as usual of sandy beds 
and shales, alternating with a large number of coal seams, seyenty-fiye of 
which (whose total thickness is 150 feet; are described. In its upper part 
occurs a pale blue limestone of fresh-water origin, which is again met with in 
other coal fields nearly a hundred miles distant, and appears also at yarious 
intermediate points. 

The South Stafibrdshire coal field is remarkable as the onlyrepresentatiye 
of the Carboniferous rocks in that part of Enghud, tlie Millstone grit and 
Carboniferous limestone bein^ botn absent. It exhibits a great prepon- 
derance of shale, and the number of its coal seams is only eleyen, but the 
tMckness of one of these is unusually great, amounting to upwards of thirty 
feet in some places. 

The South Welsh coal field contains about ninety-fiye feet of coal distri* 
buted in about thirty workable seams, the most powerfiil of which is about 
nine feet thick. The associated shales and sandstones are of yery unusual 
thickness, and they contain besides coal an abundant supply of ironstone 
ore. A considerable part of the coal in this district is non-bituminous, and 
distinguished by the name of AnthracOe. 

Besides these, there are numerous smaller deposits of coal in the middle 
and west of England, and in Wales, all of which possess local importance, 
but which we cannot now stop to describe. 

The basin of the Clyde in Scotland, is no less interesting for its carboni- 
lerous deposits than important firom their extent and yalue. In this district, 
the Old Eed Sandstone is the general base of the coal strata, thick sandstones, 
occasionall;^ containing coal, takinff the place of the lower carboniferous lime- 
stone. Tmn beds of Hmestone uxen succeed, and on these rest the great 
mass of the coal-bearing strata, which greatly resemble the similarly situated 
beds in England, but wrdch include seams of ironstone ore yet more yaluable. 
There appears, howeyer, to be a freshwater Hmestone in this part of Scot- 
land underlying the coal measures, and possibly contemporaneous with a 
bituminous shale in the North Stafibrdshire coal neld. 

The coal seams in the Clyde yalley amoimt in number to eighty-four, but 
they are mostly thin ; the coal, howeyer, is good. The total thickness of the 
deposit is estimated at about 5000 feet. 

The coal fields of Ireland are not unimportant, though they haye hitherto 
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been little worked. The principal one worked is that of Leinster, andaa 
much as twenty or thirty feet of bituminous coal have been found in another 
small field near Tyrone. In Connaught there is also a supply of ironstone 
ore. 

France and Belgiimi both contain a considerable number of coal fields, but 
they are mostly of small dimensions, and in the latter country are greatly 
disturbed, inchnm^ at a considerable angle to the horizon, and worked like 
mineral veins. The Erench coal fields are all of very small size. 

Itussia is not without an extensive series of strata of the date of the Carbo- 
niferous rocks; and in the northern part of the empire there seems to be a 
prospect of workable coal, the lowest beds of the system containing (as in 
lorkshire) a few seams of variable thickness, but of ^at value. In the 
south of Bussia, very ffood bituminous and anthracitic coal is found in 
considerable abundance, out the beds are much disturbed by fiiults. 

North America contains coal-bearing strata of great value, and of enormous 
extent, gigantic coal fields existing in the Western States and the British 
provinces. The coal measures here, as in Europe, form the uppermost part 
of the carboniferous series, and the number of seams hitherto known is 
about ten, haying an aggregate thickness of fifty feet. There is one bed 
of thirty feet, worked like a quarry from the surface. 

In y an Piemen's Land, and probably in several parts of Asia, there are 
strata of the Carboniferous penod, greatly resembling those of our own 
island, and consisting of limestones overlaid by coal-bearing strata. Much 
yet remains to be done in making out satisfactorily the true position of these 
strata with reference to the weU-known Carboniferous series of Europe. 

117 Hie Miagneiian Idjnestone, or Permian System, — The coal measures 
in the north of England usually terminate with, or rather pass into, a 
sandstone, difiering from the ordinarycoal grits in being discoloured with 
oxide of iron, giving it a red colour. This sandstone, which is frequently of 
coarse texture, and is very irregular in thickness, composition, and extent, is 
the Lower new red sandstone of English Greolo^sts, and corresponds with a 
somewhat similar mass of contemporaneous ongin in Germany, there called 
Bothe-todte-liegende, a name not unusually applied also in England. There is 
often an apparent break of continuity between the Lower new red and the 
next superior bed of Magnesian LimestoTie, but this is not universally tiie 
case ; and marly beds, vdth thin bands of shelly limestone, unite and 
amalgamate the two formations. The Magnesian limestone is extensively 
deveE>ped in the north of England, and is there sometimes as much as five 
hundred feet thick. It receives its name from its mineral composition, which 
is a mixture of carbonate of ma^esia with carbonate of lime. It is a very 
variable rock, sometimes hard and perfectly crystalline, forming an admirable 
building-stone, (in this state csSlei Dolomite,) and sometimes in thin beds of 
loose texture — occasionally laminated— here and there oolitic, like the free- 
stones of a later period — and on the coast of Durham possessing a singular 
concretionary structure, the clifis appearing as if made up of piles of cannon 
balls. In tms latter case the carbonate of lime would appear to have formed 
into nodules, and the noagnesia is left in a powdery state, filling up the 
interstices. The Magnesian limestone in the north of JBngland appears to be 
capped by gypseous marls of no great thickness, and these are oiten entirely 
absent ; but further south, not omy this capping, but the bed itself in its most 
characteristic form, is absent, and is replaced bv a conglomerate, made up of 
fragments of carboniferous limestone, cementea together by a red or yellow 
magnesian paste. The Lower new red sandstone, without magnesian lime- 
stone, overlies the coal fields of Stafibrdshire and Shropshire, but is represented 
in a somewhat different form from that whidli it usually takes. 

The beds intervening between the coal measures and the Upper new red 
sandstone are not extremely important in England, but are much more widely 
extended and more manifestly distinguished as a group in various parts of 
the Continent. In Germany and some parts of franco these rocks are of 
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considerable interest ; one of the beds associated with the magnesian lime- 
stone containing a copper ore that has been much worked. The mag- 
nesian limestone series there forms two groups, the lower one argillaceous, 
and the upper ctdcareous, the latter being in aU cases mixed with a certain 
proportion of ma^esian earth. In Bussia this system is developed yet more 
perrectly than m Grermany; it occupies an enormous trough in the 
carboniierous limestone in the ancient kingdom of Fermia, .and consists of a 
great number of strata of yery* variable mineralogical character. It has 
been proposed by Sir E. Murchison to denominate we whole series, from its 
BuBsian ^7pe, the Permian system. 

it8 Vke Upper New Bed Sandstone, or Triassic j^tf /««».— This system of 
deposits is the lowest or oldest of the middle period, and is distin- 
gnished irom the earlier formed beds partly by mechanical position, and 
also very strikingly in the nature of the organic contents. Like those of tlie 
Permian system just described, the rocks now under consideration are less 
perfectly developed in England than in some districts on the continent of 
Europe. They consist for the most part of an extensive series of yellow or 
red sandy beds, alternating with red, green, or blue marls, and containing 
larse masses of rock-salt and gypsum, (sulphate of lime,]t and although the 
beds thus characterized hardly admit of distinct subdivision in England, 
owing to their great similarity in mineral composition, they are elsewhere 
divided by a band of limestone, (the Muschelkalk,) and in that case the lower 
strata (hunter sandstein or ffrbs Jn^arri,) are usually more sandy, and the 
upper (Jceuper) more marly. A similar dmerence in me character of the beds 
obtains also in some parts of England. 

The Upper new red sandstone is generally seen spread evenly over the 
upturned edges of the underlying Palaeozoic rocks, which have undergone 
much displacement before the deposit of this newer bed. The sandstones, 
generally of moderately fine texture — ^less coarse at any rate than the Lower 
new red sandstones — occupy in this way a large superficial area, and are seen 
in the extensive plains of the middle and west of England, and filling up all 
the valleys in the carboniferous limestone of the North. Their thickness is 
considerable, but not very easily calculated. 

The continental beds of this period differ in some important points from 
those of England, but preserve a general analogical resemlblance. The lower 
part, called Bunter sandstein by the Grermans, and Gres higarrS by the 
French, is a fine grained, soHd sandstone, passing upwards into an earthy 
day. To this succeeds the Mtischelkalk, a limestone of rather peculiar 
appearance, often argillaceous, and not unlike some of the Silurian limestones 
in mineral character, but sometimes very difierent, and even becoming 
extremely bituminous. The Jceuper or ma/rnes irisies — coloured marls, often 
containing vegetable remains — cover up the muschelkalk, and terminate the 
series. The upper beds of the Upper new red series in England have been 
identified with the keuper, and are sometimes spoken of as ' variegated marls.' 

119 The Liassio Group. — The beds of this formation, so called, it is 
supposed, from their frequent appearance in striped bands or layers^ 
may be traced through England, from Lyme Be^s in Dorsetshire, by 
way of Somersetshire, Gloucestershire, Worcestershire, Northamptonshire, 
Leicestershire, Butland, and Lincolnshire, to the Humber, and then through 
the East and North Bidings of Yorkshire to the coast at Whitby. In all 
this tract the general features of the formation are the same, and from 
Gloucester northwards, there is an average and nearly uniform breadth 
of about six miles, the total thickness of the deposit being generally 
above 600 feet. The rock is little disturbed, and has a regular dip, 
being conformable to the underlying and overlying strata, except where 
it comes in contact with the mountam limestone in Glamorgansnire and 
Somersetshire. The lias is generally subdivided into three parts, the lower 
portion reposing on a thin bed full of fishes' bones, and consisting of a 
lower limestone containing a large proportion of clayey matter alternating 

x2 
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with shales, often calcareous. These are overlaid by a bed called the marl- 
stone, (a marly limestone of a very pale colour,) and above this there is 
another and a final bed of tongh blue calcareous clay and shale, which passes 
into sandy beds, and so graduates into the oolites which next succeed. The 
uppermost bed is sometmies called the Alum shale, and is greatlj^ developed 
at Whitby, where it is burnt for alum. The lower beds are exhibited best in 
Dorsetshire, and the marlstone in Gloucestershire. 

On the Continent the Lias possesses nearly the same lithological character 
as in England, but the lower beds are more sandy, and the middle ones more 
calcareous. The upper marls are the most uniform of the continental liassio 
beds, and they most nearly resemble the contemporaneous English strata. 

1 20 The Oolitic System. — This interesting group of formations is so 
admirably exhibited in England, and occupies so large a proportion of the 
surface of our country, that it has received even more than its due share of 
attention, and was somewhat too prominently put forward in all its numerous 
and interesting subdivisions, in the first determination of G-eological series. 

The beds called Oolitic (from the Greek words m6v (oon), an egg, and 
\i6os (lithos), a stone,) are usnally subdivided into three well-marked groups, 
all of them characterized more or less by the presence of limestones ; the 
peculiar structure of which (the rock being made up of rQuumerable small egg- 
shaped particles) has given its name to the formation. The general character 
of the (Jolitic system in England may be described as consisting of three 
ridges running Jn .N.E. and S.S.W., with broad valleys or plains intervening. 
The ridges in this case represent the escarpments of the hard limestone beds 
of the I^wer, Middle, ana Upper group 01 Oolitic strata, and the plains, the 
less coherent or softer beds, interposed between them. Li this way the 
series may be traced through England to the east of the Lias, and parallel to 
that formation ; but in many places, more especially in the north of England, 
the upper series is wanting, and in the south the lower part is indifferently 
represented. Thus the order of the relative preponderance of different 
members of the series observable in the Lias is here reversed, the lower 
Oolitic beds being chiefly developed in the north, and the upper ones in the 
south. 

The principal limestones of the lower series are the Tk/^rior and the €rre<U 
Oolites, and these are separated from one another by marly beds, used as 
ftdler's earth, and by a thm flagstone remarkable for its fossils, and called the 
Stonesfield Slate. Under the Liferior Oolite there are sandy beds, which 

frea%^ preponderate in Yorkshire, and contain numerous vegetable fossils, 
he Inferior Oolite itself contains about forty or fifty feet of freestone ; and 
the Great, or Bath Oolite, which is more important in economic value, 
presents a large series of excellent building stones, alternating with coarse 
shelly beds, but sometimes replaced by a thick clay, called * Bradford Cla^,' 
At the top of the Lower Oolitic group is a bed called locally the Comhrash, 
which decomposes into an excellent vegetable soil, and is chiefly made up of 
clays and sandstones with calcareous nodules. 

^ The central portion of the Oolitic series consists, for the most part, of a 
thick bed of tough blue clay, called the * Oxford Clay,* very widely extended, 
not only in England, but on the Continent, and overlaid by beds of a more 
calcareous nature, sometimes taking the form of a true coralline limestone, 
and sometimes only containing a mixture of calcareous matter in sandy beds. 
Li its most characteristic form, this upper bed (the Coral rag) is chieny seen 
near Calne and Steeple Ashton, in Wiltshire, and at Malton, in Yorkshire. 

The upper Oolites, like the middle ones, consist chiefly of a thick bed of 
tenacious clay, locally overlaid by limestone. Li this case, the clay is called 
Kvmmeridge Clay, from a village near Weymouth of' that name, where it is 
well exhibited ; and the bed may thence be traced northwards as far as Lin- 
cohishire, and even into Yorkslure, resting on the Oxford Clay, sometimes 
without the intervention of the Coral rag, and forming the great fen district 
pf Cambridgeshire. Over the Kimmendge Clay there is m the south <^ 
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England a very extensiye derelopment of limestone in PorUand Island, the 
quarries of which have been worked for many centuries ; but this does not 
reach fartlier north than Buckinghamshire. Where best seen, the Portland 
rock includes scTeral bands of coarse, earthy limestone, alternating with a con- 
siderable thickness of freestone, and coTered up with a bed containing a 
substance like yegetable mould, in which the stumps and roots of trees are 
found. This singular stratum, the Dirt-bed, is met with over a somewhat 
extensive area. • 

North of Yorkshire, the secondary rooks are very rarely exhibited in the 
British islands, but in two or three yalleys in Scotland, and especialljr at 
Brora, there has been described a series oelonging to the Oolitic period. 
The beds are not oolitic in structure, and contain out little calcareous matter. 

On the continent of Europe, there are many spots in which rocks contem- 
poraneous with the English Oolites resemble them also in mineral character 
and general appearance. Near Caen the Great oolite and a considerable 
overlying series nave been described by French geolo^ts. Among the Jura 
Mountams, and even in the Alps, the three subaivisions are preserved as in 
England, and this is the case also in the north of Europe, while in Bussia, 
the whole series is divided into two portions, the lower being very locally 
distributed, but the upper part calcareous and oolitic, and widSy spread over 
the country. In the tfaucasus the beds of this period are greatly altered, 
and have l>een described as primary. 

In Asia, the north western part of the peninsula of India has afforded 
evidence of an interesting group, probably contemporaneous with the Oolites. 
The beds containing coal in Virginia, tormerly described as carboniferous, 
belong also to the secondary period, and are oi the same age as the lower 
Oolites of Yorkshire, which they resemble. 

121 The Wealden Group.-^Jjymg immediately on the top of the Oolites 
and passing out of them so gradually that the actual junction can hardly be 
determined, there is found in the south-east of England, a remarkable group 
of fresh-water beds, classed together under the name of 'Wealden, and 
consisting of a very thick and varied series of arenaceous beds based on lime- 
stones of small extent and peculiar character, and covered by a bed of clay. 
This whole series may be described as a series of days and sands with subor- 
dinate beds of limestone grit and shale, containing the remains of organic 
bodies whose condition mamifesliy shows that they have been subject to the 
action of river currents, but not to attrition from the waves of the ocean. 
Hie subdivisions are found only in some of the southern counties of 
England, and are not without some interest, the Furbeck, or lower beds, 
bein^ remarkable for the presence of a shelly limestone taking a good 
polLuL, and known as Purbeck Marble, while the Hastings Sand, uiougn of 
far greater tiiickness, hardly presents greater complexity. The Furbeck 
beds, including a fissile limestone, and as many as fifty-five beds of workable 
limestone, attain in all to the thickness of about 125 feet, and are much 
disturbed from their original position. The JSastings Sand consists at its 
base of friable sands such as those seen at the clins near Hastings, and 
upon them are found first an extensive series of arenaceous beds containing 
building stone, and then some bluish grey sandstones, or calcareous grits, of 
no great thickness, known as the Tugate beds. The Furbeck strata are 
chiefly found in the western part of uie Wealden district, and where the 
fractured chalk exposes the lower beds in the vale of Wardour and the other 
valleys of elevation in Dorsetshire and Wiltshire, while the Hastings sand is 
found not only in the vicinity of Hastings, where it is exposed on the sea 
cliff, but also throughout the whole Wealden district. 

An upper band of clay, called the * Weald clav,* intervenes between 
the Hastmgs sand and the Cretaceous group, and is found along the line of 
the North and South Downs, near the base of the escarpment of the chalk, 
and again in the Isle of Wight in the same position. It occupies a tract, 
about six miles wide in the oroadest part, between the Hastings sand and 
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newer rocks, and oonsistB of a tenacioiu ai^illaoeons bed reposing on beds of 
sandstone and shelly limestone with layers of argiUaceons ironstone. 

There are in the Isle of Skye, and in one or two places on the coast of 
France, opposite the Weald of !Kent, small patches of strata, nearly of 
the same age ; and in the north west of Germany a considerable thickness of 
contemporaneous fresh-water beds has been also determined. With these 
exceptions, the transition from the Upper oolites to the Cretaceous rocks is 
abrupt, and there is reason to belieye tiuit a long interval must hare elapsed 
between the denosit of the two series. 

No marine oeds are yet determined which can with safety and oertaintr 
be referred to the Wealden period. In other words, the period durinj^ whida 
these beds were being deposited in England was either occupied by com- 
pleting some of the Upper oolites in other seas, or else durine that time there 
was a cessation of deposits oyer wide tracts, owing either to weir being above 
the sea or the bottom of a deep ocean. 

122 2^e Cretaceous System. — This group of strata has receiyed its name 
from the almost universal presence in it of the white chalk (creta) which 
forms its upper division in most parts of Europe. The whole formation has 
generally been divided into three parts, (1) the Lower greensand, represented 
both in some parts of England and on the continent of Europe by very 
extensive and thick beds ; (2) the Gaxdt and Upper greensand; and ^3) the 
Chalk ; but the two latter groups seem to possess more analogies with one 
another than they do with the lower division. 

The Lower Oreensand of England is exhibited in a yaried but characteristic 
form, in the cliffs between FoUcstone and Hythe, and also near Maidstone, in 
the county of Kent, and at the back of the Isle of Wight, where it expands 
so as to occupy a very prominent place in the Geology of the district. Under 
the name of jfecusomian, beds of nearly the same age haye also been described 
from the vicinity of Neuch4tel in Switzerland, and from the south of France. 

There are some places in the south-east of England where the passage 
upwards from the Wealden to the Lower Greensand is very difficult to trace, 
owing to the similarity of the day beds in the two deposits, l^ear £h^tiie 
this is especially the case, and here also there is an adimrable section or the 
whole Lower Greensand series. A similar, and equally interesting section 
may be seen in the Isle of Wight, between Atherfield and Black-gang Clune, 
but there is no passage there from the Weald day into the Atherfield day. 
In the more central counties of England, in Bedfordshire, Cambridgeshire, 
&c., where the Lower Greensand is still an extensive bed, it is remarkable 
for little more than its deep red colour, a phenomenon apparently due to the 
presence of a considerable quantity of the peroxide of iron. 

The Lower Greensand of the south of JBVanoe and of Switzerland consists 
of calcareous beds of considerable thickness, and in Germany the beds of the 
same age are represented sometimes by extensive beds of sand, and sometimes 
by clays. It is not easy to determine yery distinctly the identity of date of 
the dinerent beds of the cretaceous formation in the iPfrenees, the Carpathians, 
the Caucasus, and the south of Italy ; but there can be little doubt that a 
yerylar^ proportion of the whole must be referred to the lower division. 

The Gault and Upper Greensand are chiefly exhibited in tiie eastern and 
southern districts of England, and there form a well marked group, presenting 
distinct features. 

The OatUt, the lower member, is best seen near Folkstone, (to the east of 
the town,) where it appears from the cliff section to be about one himdred and 
twenty feet thick, and to rest on the Lower Greensand. It is a stiff blue day, 
and is mixed with a small portion of iron pyrites. From Folkstone the same 
clay may be traced, retainmg its appearance and pecxQiar mineral character 
throughout the east of England, eyerywhere coming in between the Lower 
and Upper beds of Greensand. A little to the north of Cambridge it begins 
to thin out, and on the coast of Norfolk, where it comes out again to the sea, 
it is not more than fifteen feet thick. 
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The l^oper CfreeTuand is Bomewhat yariable both in thickness and in 

general appearance. It often forms a kind of step at the foot of the chalk, 
aying a small, but well marked, escarpment towards the Ghinlt ; bnt this is 
by no means always the case, and as it goes northward it loses the cherty 
cnaraeter for which it is remarkable in Surrey and the Isle of Wight, and 
merely seryes to separate the Granlt from the Chalk. Both the Lower and 
Upper beds of Greensand haye receiyed their name from the preyalenoe 
thronghont both of them of smaU sreen particles of silicate of iron. 

The Chalk is a yery weU-marked and mteresting formation, both on account 
of the pecnliarity of its mineral composition, and its great nniformity in all 
respects thronghoat a yery extensiye area. It is also remarkable for the 
layers of flint miatribnted tlurongh it. Aboye the white chalk wi^ flints there 
is found at Maestricht a yet newer bed, also of the Cretaceous period. 

The lower part of the chalk is somewhat impure, owing to the presence of 
argillaceous matter and iron with grains of silex, but these disappear in the 
upper beds ; and the silex, instead of being distributed in grains, is collected 
into distinct layers, each of which appears to haye generafiy collected round 
some spongeous bodj as a centre. In this state the chalk is an almost pure 
carbonate of lime, with a yery small per centoge of iron. 

In some districts on the Continent of Europe, the upper part of the 
cretaceous system bears a strong resemblance to tne contemporaneous beds in 
England ; and true white chalk has been traced not only in France, but in 
Denmark, Poland, Central Bussia, and the Caucasus. Under another form, 
the beds of this period are foimd in the South of France and in Italy, there 
forming hard crystalline limestones and limestones made up of the fossil 
remains of foraminifera, and other beds ; while, in the central plains of Asia 
Minor, semicrystalline rocks of the cretaceous epoch occupy a prominent place 
in the Greology of the district. Eemarkable beds of the same age haye also 
been described by Sir C. Lyell, and by American Geologists, as occurring in 
New Jersey and other parts of the United States ; but these seem to rest 
immediately on the oldest Secondary rocks, without the interyention of the 
Oolites. It does not appear that any true chalk exists in America, but the 
formation is extremely calcareous, altnough perhiups chiefly arenaceous. 

123 2%e Older Tertiary Mocks of^EnglaihA^ JyV*flWM?«, aiid Belgium, — It is 
only of late years that the department of Geology professing to treat of strata 
newer than tne chalk has assumed its due importance, and the reason of this 
it is not difficult to comprehend, for the Tertiary strata form a far less pro- 
minent group in northern Europe than the rocks of older date, and haye for 
this reason been long considered as of inferior importance, and eyen as mere 
superficial deposits not worthy of being described as a distinct system. But 
this relatiye predominance of older oyer newer deposits is reyersed in the 
south of Europe, in some parts of Asia, and in South America, where eyen 
the newest group of strata has undergone great change of position, and 
where thousands of square miles of oomparatiyely modem deposits attest the 
yastness of recent operations. 

It is worthy of remark with regard to these strata, that a large proportion 
of them bear marks of haying been formed in the yicinity of extensiye tracts 
of land, and that in this respect they are contrasted with the older rocks, 
which were for the most part formed at the bottom of deep seas studded here 
and there with islands, such as these we now find in the Eastern Archipelago. 
It is also clear that after the termination of the deposits of the secondary 
period, and probably during a long interyal concerning which we haye no 
records, lana had arisen from the deep waters ; and the bottom of the sea, 
preyioasly the receptacle of chalky mud, assumed by de^ees the outline of 
the continents now marked out by the mountain chains of^Europe, Asia, and 
America. But, howeyer this may be, the rocks of the Tertiary period in 
northern Europe are for the most part local deposits, and haye been formed 
either in lakes, riyers, or estuaries, by matter conyeyed along by f5resh water, 
or else in narrow confined seas not far from land. Hence it arises that a 
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Tarietr of eanses haye oome into operatioii, socli as irreg^iilar depth, sodden 
and ^nsidmble alterations of depth, and others, sufficient to modify grctttiy 
the conditions of animal life. 

The Tertiary strata of Europe haring been thus formed in small areas, do 
not nsnallj admit of general descriptions, but require the groups to be each 
separately described with reference to other contemporaneous deposits, but 
stul more with regard to local circumstances. 

The Tertiaries of Europe and Western Asia form a rery variable series, 
consisting, in England and Belgium, of stiff da^s, alt^nating with sand and 
resting on a coarse sand and grayel ; and in Paris, of a nummr of limestones 
and marls alternating with gypsum and siliceous strata. They are deposited 
in valleys or depressions in the older rocks, and in England (in the Isle of 
Wight) some portion of them has been so greatly disturbed, that the beds are 
actually vertical. This, however, is an exception to their usual positioii, 
which IS that of beds not much changed from their original horizontaiuty. 

The older Tertiaries of JSngland are chiefly connned to three patches, 
which were originally, no doubt, connected and continuous, but are now 
detached and contained in trough*shaped hoUows in the chalk. These are 
called, respectively, the London, the Hampshire, and the Isle of Wight 
basins, and the stiff clay which predominates in them, and whidi is very 
abundant near London, is known as the ' London day,* The London day 
often, but not always, rests on a series of sandy and gravelly beds, inclosing 
bands of potters' clay, and to these the name ' Plcutic Clay* has been 

fiven ; but, in the Isle of Wight, a distinct group of sands forms the base, 
t is now certain that no mere mineralogical attempt at subdividing this group 
of strata will succeed ; and Mr. Prest^oh has shown that the great mass of 
clay in the lower part of the London series is strictly conteniporaneous with 
the hard sandy beds at Bognor, from which the days at Barton diff are 
separated by no less than 700 feet of sands. 

The strata which occupy the Paris basin differ exceedingly in point of 
mineral character from the beds just described. Over the chalk is usually 
found a fresh-water deposit of clay and lignite, and this is succeeded either 
by a coarse sandy limestone containing many fossil shells, or by a siliceous 
limestone of fresh-water origin, almost without fossils. Next, above these 
limestones, separated only by a bed of sandstone, is usually found a series 
of marls, conLiung am^ Jt them » oonsiderabte quantit/of gypsom. «.d 
in the quames from which the gypsum has been extracted, (to make Plaster 
of Pans,) an immense number of the remains of land aniTnals were found 
during the early part of the present century. Last of aU, in the Paris 
series, there are two groups of marls and sands, one fresh-water and the 
other marine, developed to some extent, and separated from the gypsum hj 
a thin bed of oyster shells. 

The tertiary strata of Belgium are chiefly seen in the provinces of South 
Brabant and liimbur^, and their general character is that of sandy beds 
containing oxide of iron, alternating with and overlying a series of badly 
developed marls and limestones. The whole sequence is rarely exhibited in 
the same locality, but the total thickness of the deposits is not great. At the 
base of the deposits in many localities, are argillaceous marls, found chiefly in 
the northern and western parts of the basin. These are of blue or black 
colour, tenacious, impervious to water, and containing beds of septaria. 

In central Erance, and especially near Auvergne, is a group of sandstones, 
marls, and limestones, extending for a considerable dis^nce from north to 
south, and having an average breadth of about twenty miles. Similar 
deposits, belonging to the older part of the tertiary period, are found near 
Le Puy, in VeL&y, and near Aurillac, in Cantal, the latter being, however, 
remarkable for containing a large proportion of silex, probably derived from 
hot springs. Many other small beds are met with in the same district. 

On the south flanks of the Alps, near Yicenza, inLombardy, a band of 
limestone occurs, and another at Monte Bolca, both of the older Tertiary period, 
and both remarkable for containing remains of organized beings, chiefly 
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fishes. The beds here are marly limestones, interstratified with thick beds of 
conmact limestone, and the whole series is orerlaid by tabtdar basalt. 

There is evidence showing that many parts of Greece and Asia Minor 
were the recipients of important deposits, apparently from some great fresh- 
water lake, not long after the termination of the chaDc. 

124 Middle and Newer Tertiary D&posits of ETHflcmd and Surc^,^^ 
Overlying the older Tertiaries in Englana there is little more than a heap of 
erayelly strata, ahnost exclnsively conmied to the neighbourhood of the Eastern 
Coast. These accomnlationB are called ' the Crag formation,' and tiiey appear 
to belong to a somewhat extended period, and to be divisible into three parts, 
the lower being the Coralline Crag, so called from the nmnerons remains 
of corals found throughout the bed ; the next the Bed CraOf distinffoished by 
its deep ferrugineons stain; and the nppermost, the mammcSiferous or 
Norwich Craa, which is of more recent origin than the Eed Crag, and con- 
tains bones of large mammalia, and occasion^y fresh-water shells. All these 
beds are of limited extent, the Coralline Crag rane^ing over an area of about 
twenty miles long, and three or four broad, its total thickness averaging not 
more than twenty feet, while the Bed Ciag, although extending to double 
that thickness, is still small in every respect. The Mammali^rous Crag 
appears to be an estuary deposit. 

At various places in the vallej of the Thames, and on the banks of the Stour 
and Medway, fresh- water deposits have been foimd, some of which appear to 
correspond m age with the newer portions of the crag, while others are still 
more modem. In the valley of me Clyde, near Glasgow, extensive beds, of 
comparatiyely modern date, have been described un&r the name of ' TiU* 
chiefly consisting of imstratified clay mixed irregularly with gravel ; similar 
or contemporaneous beds have been found at Bridlington, on the Yorkshire 
coast, and at various other localities, where evidence of recent change of 
level has been sometimes also seen in the raised beaches and sub-marine 
forests. 

The middle tertiaries form a much more decided group in various river 
basins on the Continent than they do in our own cotmtry. They occupjr a 
considerable portion of the west of France, filling up the oasins of the Loire 
and the Graronne ; they fill up also a great part of the valley of the middle 
Shine ; they alone are to be met wim in the whole of the great valley of 
Switzerland, between the Alps and the Jura chain ; and they proceed towards 
the north-east from Switzerland, following the course and partly occupying 
the valley of the Danube. Froinpoint to point they may be traced spreading 
out into extensive series near Vienna and in Styria, and occurring again in 
the trains of Hungary; they are abo found in Poland and Eussia; they 
appear both in normem and southern Italy, and on the shores and islands of 
the Mediterranean; and they are probably represented in the neighbourhood 
of Lisbon, and in the soutn of Spain. They thus form a most extensive 
^up indicating, with much distinctness, that many portions of what is now 
Europe were sm)merged during the middle tertiary period. 

The newer tertiary period is not less amply represented in Europe than 
the middle one; but it is chiefly in South Itafy, in the Morea, and in the 
islands of the Eastern Ardiipelago, that the more extensive beds must be 
Bought for, although the valley of the Lower Ehine, near Bonn, and a portion 
of central France, besides a large district in southern Bussia, also present 
important contemporaneous beds. 

The newer tertiaries are not all of the some age, and the beds so called 
most have been in the course of formation for a very long period. Those in 
Italy admit of being subdivided into two groups, the older of which is called 
Sub-Apennine, and attains a great thickness near Parma. These beds consist 
for the most part of greyish, brown, or blue marls, containing calcareous 
Blatter, and overlaid by thick sandy beds. The Sicilian beds are distinctly 
newer than these, and are equally extensive, since in the south of Sicily hills, 
2000 feet high, are formed entirely of the uppermost of them. Marls, with 
occasional Imiestone, form the great mass of the materials of these strata. 
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Fresh-wftter beds of tlie newer period are found at (Eningeoi, on the Lain) 
of Constance, consisting chiefly of fetid marlstones and limestones, and 
occupying depressions in the molasse. These beds are of great thidmeBs, 
but smsJl extent. 

The newer Tertiary deposits of the Bhine and Nassau are remarkable for 
the presence of very extensire beds of lienite, so thick as to be worth 
working, although the coal is too earthy and imperfectly bitumenized to be a 
Tflluab^ fuel. 

Other deposits of the same a^ are found occupying an extensiye Teeion 
in southern Kussia, and well exhibited in the cli£& on the Sea of Azof, ^uiey 
consist of beds of white and yellow limestone, corered by sands and siliceous 
grits. Similar beds occur in the Crimea, and the neighbourhood of Odessa. 

125 The Tertiary Deposits qfAsia and America. — ^Till within a yeiy few 
years nothing was known of the great extent of these formations, and they 
are not eren yet described in such detail that we can speak with certainty u 
to their geological age. The western part of Asia, generally, seems to exhibit 
a great variety of volcanic phenomena of recent date, accompanied by a 
considerable extent of modem Tertiary deposits, chiefly lacustrine, and con- 
sisting of calcareous marls, and white limestone containing chalk. Some oi 
these have been already alluded to, from their vicinity and resemblance to 
European tertiaries, as for example, the beds at Smyrna, and others on the 
shores of the Caspian. There are, however, others further east, which now 
require consideration. 

In the western part of India, near Bombaj, thick beds of Teriiair lime- 
stone have been foxmd, chiefly near Cutch, which are covered by argillaceous 
grits, and belong probably to the older part of the Tertiary period. Similar 
beds have been described as occurring in the more central province of 
Mewar, and also at Delhi. Beyond this the Tertiary beds of tke Sewfilik 
range commence. 

The formations composing the SewMik or Sub-Himalayan hills, consist of 
beds of boulders or shingle, of sands hardened to every degree of consistency, 
of marly conglomerate, and of an infinite varietv of days. The strata d^ 
towards the north, at angles varying from 15° to 35°, and the breadth of the 
inclined beds is from six to eight mues. 

In a part of the Sew^Bk district, west of the Jumna, there is m 
interminalue series of days and sandstones, the former being most abundant, 
and in the upper part of the series, there occurs a sandstone rock, generally 
soft, but oiten in hardened masses, owisg apparently to the presence of 
organic bodies, chiefly bones. A very Surge and remarkable group of 
organic remains has been obtained from fragments embedded in this way 
in sandstone* 

The Tertiary strata of the Sew&lik hills appear to have extended along the 
whole of northern India, north of the Ganges, and they occur aJJBO near 
Bombay, on the one side, and in the Birman empire, in the upper part of the 
drainage of the great Irawaddi river. 

There is a deposit, in various parts of India, called Kunhur, which is veir 
generally distributed, and appears not to be confined to one period, althougfl 
certainly not very ancient. This deposit is especially abundant in the coimixy 
running up from Gujerat to the north-east, towards Delhi, and appears 
covering huls two or tiiree thousand feet above the sea. 

Little is known of the existence of Tertiary beds in the ^eat plains of 
Siberia and northern Asia, and we are equally without information concemiii^ 
China, Chinese Tiartary, and Japan. There are not known to be any weU 
marked tertiaries of older date in the islands of the Eastern Archipelago. 

North America presents considerable tertiary beds in Virginia, tne two 
Carolinas, Georgia, ailcl Alabama, chiefly belonging to the older part of the 
period, and others of newer date in other districts. In Virginia there are 
nreenish sands, replaced to the south by white limestones, of no great 
uuisknessy nearly contemporaneous with our London day, and these, after 
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beinff traeeable for several miles, are lost under newer deposits, of consi- 
derable thickness, consisting of dar and loam, alternating witia qnartzose sand 
and beds of pure silicions rock, ^m of interstices. 

Over the series of older strata thus described there is fonnd, oocnpying 
a wide horizontal ranse, a deposit of day of the middle Tertiary period, 
spread over immense plains, bnt little above the level of the Atlantic. These 
are replaced, in Massachusetts, by white and green sands and conglomerate, 
resting on lignite. Upwards of ten thousand square miles of country are 
occupied by these deposits, while others of somewhat newer date occur at 
the mouth of the Potomac river in Maryland, and consist chiefly of clay 
and sand. 

In South America, the rocks of the Tertiary period are more extensive and 
important than in any other part of the world, extending in an unbroken line 
from the great plain of the Amazons to the Straits of Magelhan, a distance 
in all amounting to 2,600 nules, while in some places they are not less than 
800 miles broa^. Tliroughout this vast tract three prmcipal groups have 
been determined — ^the lowest consisting of sandstones and marly limestones 
covered with gypseous clay, which retams water on its surface and produces 
marshes; the middle, or * J?atagonian series,' as it has been called, larger in 
extent and nearly the same in mineral character, and the highest or newest 
deposit, the 'Pampas clay,' is a single bed, probably one of the largest ever 
yet formed on the earth, covering a space of 180,000 square nmes, and 
throughout chiefly argillaceous. It is partly covered up by alluvial sands. 

126 T^ Newest Deposits qf Qravel and Diluvium.'^The regularly 
Btratifled deposits are oflen seen to be more or less covered up and hidden by 
a mass of heterogeneous material, generally unstratified and deposited in 
irregdar heaps, but almost always bearing marks of having been transported 
from a distance. The fragments of transported rock wmch make up this* 
mass are called 'boulders,' or 'erratic olocks,' when of large size and 
angular, and are in tiiiis case rarely far removed from tibe narent rock ; but 
they are more commonly smaller and rounded, as if thej haa been long rolled 
agamst one another at me bottom of water, and in this state, and esi>eciaUy 
iinien mingled with fine sand, they are called ' gravel.' Sudi material has 
oflten been conveyed from great distances, amountin^^ sometimes to many 
hundred miles from the -plsuce whence the rocks which compose it were 
derived. The whole deposit when of this nature is not unfrequently called 
diluvivm, or diluvial drift, while alluvium, on the other hand, is a term used 
in contradistinction to diluvium, and signifies the ordinary effects of fiuviatile 
action. 

The origin of ^vel and diluvial drift is a subject which has long 
attracted the attention of geologists, and which is not yet dearlv made out. 
The direction of the drift, which can be traced by following up tne gravel to 
its source, varies very considerably in different districts, but it generally 
seems to have travelled from some mountain chain, with the elevation of 
which the existence of these' singular heaps seems to have been connected. 

Among the more remarkable and instructive illustrations of the j>henomena 
of gravel, must be ranked the gravel lulls in the south of Scandinavia, and the 
isolated patches in Hie plains of Northern Europe— the escars, or gravel hills 
of Ireland — the detritus of England, as traced m>m the Cumberland hills to 
the north, south, and east — ^the diluvial phenomena of Switzerland and Italy 
—the gravel of Nortii America, and that of some part of the southern 
extrenuty of the New World. " 

Connected with gravel phenomena, there must also be considered iJie 
rubbed, grooved, and polished condition of the rocks on which this material 
has been heaped, as these appearances have been the groundwork of theories 
suggested, and require to be accounted for in the explanation of the 
phenomena. 

The teiH&iry deposits in many parts of South America near the banks of 
the great rivers are not, however, of this nature, as in most cases they appear 
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to consist of noiJung more than the mud deposited at yariotts points and 
oyer wide areas, which some months of the gigantic rivers of that country 
once traversed. The shifting of the actual river coarse, and its replacement 
by thick mud, is, in the case of all rivers possessed of deltas or depogitiDg 
much mud, an event so much a matter of necessity, that we need not here 
allude further to it. 

With regard to the ^▼ol beds and erratic blocks of North Europe, they 
are chiefly grouped in euiptical areas, with the longer axis. pointing to some 
part of the Scandinavian mountains. The larger blocks are ^enerallj near 
the surface. The blocks consist principally of granite, Syenite, porphyry, 
and hard limestone, and have been found in J^land andKussia as weU as 
North Germany, reaching from the Ems and Weser to the Dwina, and 
even the Neva. In Scania they are however much more abundant^ and 
the quantity of material greater, though the blocks are not larger. 

The dispersion of blocks from the Cumberland hills is also remarkable, 
as the rocks themselves of which these mountains are composed are very 
distinct and peculiar, and very easily recognised. The granite of Bavenglass, 
on the western border of the region, has been drifted to the south across the 
sea, along the flat or hollow of Lancashire, west of the Fenine cham, and 
over the plains of Cheshire and Shropshire towards the valley of the Severn. 
In this long course the quantity of pebbles and boulders is ver]^ consider- 
able, and it is evident that the currents, whatever they were, wmch carried 
the boulders, respected the present levels of the country, for they have not 
once crossed the iPenine cham to the eastward, nor penetrated far into the 

Srinoipality or the border districts, where the gravelly deposits have been 
erived from the neij^hbouring hills. From the eastern side of the Cumbrian 
mountains, l^e eramtes of Shap Fell and Carrock Fell have been transported 
northwardis to Carlisle, southwards by Kendal and Kirkby Lonsdale to beyond 
Lancaster, eastwards over the vale of Eden, and up the Fenine escarpment 
at Stain Moor above Brough. Having here mounted the siimmit, the 
boulders diverge to the east-by-north, east and south-east, cross many low^ 
ridges, and sweep over the oolitic moors and the chalk wolds to the sea-side at 
Scarborough and Flamborough Head, a distance of 110 miles. In this course 
three ridges and two vales were crossed, but the present configuration of 
the grouna has manifestly imdergone no change, as the passage of the Fenine 
chain is at only one point, and tmit the lowest, opening directly to tbe west.* 
The phenomena of rubbed surfaces of rock beneath accumulations of 
gravel, and in the track of large blocks and considerable masses of dilnvial 
material, are important as pointing to the probable origin of the accumulations 
themselves. The appearance is sometimes exactly that produced now by the 
action of a glacier moving along slowly, loaded with a heavy weight of trans- 
ported maUer, or else appears due m a similar way to the action of ice, 
which must in that case nave drifted on the spot where we now find the 
gravel, when the level of the surrounding land was much below its present 
position. There can be little doubt that the transporting power of floating 
and drifted ice, as affording a ready means of removmg large heaps of rock- 
as accounting for the deposit of these in one spot, far removed from the 
mountains whence they were derived, and as explaining the marks of 
mechanical pressure and rubbing met with in the vicinity of isolated large 
blocks, or considerable quantities of smaller ones— is a probable and satis- 
factory explanation of the phenomena of gravel. 

Many of the limestones of various geological periods are remarkable for 
containing caverns, originally, perhaps, mere cracKS in the strata, but since 
then worked into holes by the passage of water, or by other mechanical 
means. These have often served as the dens of wild animals; and, 
when afterwards silted up, and their floor covered with stalagmitic incrustao 
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tion, whatever remains JheBe animals left have been accurately preserred, 
and may often be obtamed for investigation. We learn in tms way, that 
large hyaenas and bears once roamed over the waste expanse of onr own 
island and of Europe, and that these fierce camivora were accompanied by a 
singular race of ruminants and pachyderms ; among the former being large 
animals of the deer tribe and a gigantic ox, while the latter included the 
elephant, and a nearly allied genus, whose habits appear to hare required the 
vicinity of extensive marshes. 

It IS, however^ almost exclusively the remains of camivora that are found 
in the caverns, which must in many cases have been the resort of successive 
generations of wild animals for a long series of years. The species of bear 
and hyena, whose remains are chiefly abundant, were much larger and more 
powerful than any of those now livmg, and there are indications also of a 
verylarge feline animal (a tiger) existing contemporaneously with them. 

The gravel in various parts both of England and elsewhere contains nume- 
rous ira^ents of the bones of the larger quadrupeds, once the inhabitants of 
this region. Among them may be enumerated the elephant, the rhinoceros, a 
liippopotamus, several large cervine animals, one of them remarkable for the 
enormous spread of its horns, and some large species of the Bos, All these 
were contemporaries, and living also at the same time were the wolf, the fox, 
the badger, tne otter, and a number of species still remaining. Concerning 
the natmre of the revolution which, extending over the whole of Northern 
Europe, destroyed entirely all vestiges of the larger mammalia as indigenous 
species, allowing the smaller ones to remain, it is not easy to decide m the 
present state of our knowledge. 

In other countries, as in Asia, America, New Holland, and "New Zealand, 
there are similar proofs of the former existence of gigantic animals of 
analogous species to those which compose the existing faunas, and we every- 
where find marks of extensive changes produced on the surface indicated 
hj the presence of numerous fragments of rock, transported from a great 
distance, and more or less evenly spread over the face of the country. 

The only ultimate cause that can be assumed, with any degree of proba- 
bility, as accounting for these phenomena, is the slow and successive eleva- 
tion of large tracts of land at certain intervals. It is not unlikely that such 
elevation, even if in some places permanent, might be accompanied by a partial 
sinking, and there is evidence of recent elevation and also of depression to a 
very great extent over most parts of the whole world. Such evidence is seen 
in ancient sea beaches, and in deposits once formed qtdetly at the bottom of 
the sea near coast lines, but now raised many feet, ana sometimes many 
hnndred feet above the existing sea level ; while not far oflf the presence of 
decayed forests running out towards the sea at levels below that of high 
water, affords not less satisfactory proof of partial depression. 

Thus we have seen that the structure of the Earth's crust, considered 
simply in a mechanical sense, ofiers a vast variety of facts, which it is 
not easy at once to explain ; that, however, all these facts point to some 
regular plan and system in the elaboration of the existing surface ; and that 
the successive deposits which may be traced have been altered and disturbed 
by frequent upheavals. These general results of the investigations of 
geologists require, however, to be considered and compared with reference 
to the organized beings which also greatly modify the Earth's surface, and 
whose conditions of existence we nesS proceed to aiscoss. 
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CHAPTER X. 
THE DISTEIBUnON OF VEGETABLES IN SPACE. 

{ 127. The meaning and nature of organization, and eepedaUy of Tegetable life. — 138. Katoial 
arrangement and daaaiilcation of plants. — 129. Influence of dimate on Testation. ^ 
180. Infloenoe of soil on yegetation. — 181. Qeneral range of plants in yarious oountries at 
moderate elerations. — 183. The botanical regions. — 188. Distribution of plants in Terlical 
space. — 184. Bange of ooltivated plants. — 185. General considerations of the distribotion 
of plants in distant botanical centres. 

rWlSLE Meaning and Nature of Organization, amd egpedally of Vegetable 
JL Life. — The Tegetable world presents us with some of the most readily 
xinderstood of those forms of matter which are endowed with vitality, being 
provided with organs enabling them to form new and peculiar ooxabinationfl 
of yarious elementary substances. In other words, we have in this depart- 
ment of natural science a new force introduced, modifying the action and 
altering the results of other forces — a body not only capable of selecting and 
separating the various material elements, and bringing them into new combi- 
nations, but also of reproducing another body, which, though at first 
different in many respects, wiU, a&r passing through certain transformations 
and metamorphoses, repeat the individual and continue the race. 

The basis of structure of all the various and dissimilar vegetables is, 
however, the same — ^it is a little closed vesicle composed of a membrane, 
usually transparent and colourless. The cell- wall consists of carbon, hydrogen, 
and oxygen, while a semi-fluid investing substance contains also nitrogen. 
These elementary substances, in various proportions, make up the mass of all 
vegetation ; and the cells in the course of their development becoming crowded 
closely together, form into three principal tissues, according to the shapes of 
the cells, and thejp importance to the life of the plant. We may indeed 
regard the cell as a little independent organized body living for itself alone. 
It imbibes fluid nutriment from the surrounding parts, out of which, by 
chemical processes, which are constantly in action in the interior of the cell, 
it forms new substances, which are partly applied to the nutrition and growth 
of its walls, partly laid up in store for mture acquirements, partly again 
expelled as useless, and to make room for the entrance of new matters. In 
this constant play of absorption and excretion, of chemical formation, trans- 
formation, anoi decomposition of substances, especially consists the life of the 
oeU, and — since the plant is nothing but a sum of many cells united into a 
definite shape — also the life of the whole plant.* 

Since, then, every plant in its course of formation, and every undeveloped 
part of a plant, consists of these cells, which in their growth^ and by pressure 
against each other, become six-sided, radiated, cylindrical, spindle-shaped, or 
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eyen filamentary, and which sometimes multiply so rapidly, that in one 
fungus, (Bovista gigantea^) 20,000 new cells are formed every minute, we 
may well understand the necessity of making out something of their 
gjj^ctare, mode of growth, and natniul relations. By one modification of the 
cells is formed the external layer of the plant or epidermis, a membrane 
which appears continuous, and which, as harh, is Known to eveiy one. 
Another modification produces tubular channels, which appear to the naked 
e^e as fibres, but which allow of the passage of Uie mud contents or sap 
orcolating through the plant, or else serve as air vessels; while a third 
continues the development of these vascular bundles, and at length produces 
what is called wood. Those plants, and parts of plants, which consist neitiier 
of bark nor wood, exhibit the cellis either in their simple state or as vascular 
bundles, so that these three conditions may be considered as the fiindamental 
ones, and as involving all that need be at nrst regarded. 

The contents of the cells of plants are, however, also very important, and 
nay be divided into two groups — ^those soluble and insoluble in water. The 
former include albumen, gum, sugar, and the agreeable acids of fruits, such 
as malic and citric acids. The latter are chiefly the fat oils, such as are 
found in the kernel of the almond and the fruit of the olive, and the aromatic 
oils which characterise maiiy plants. Of all these various contents, however, 
the starch found in the cells, under certain circumstances, and composing a 
large portion of the nutrient matter of plants, is the most important. It 
occurs in every part of every plant, but only the roots, tubers, seeds, fruits, 
and more rarely (as in the 8ago palm) the pith, afford sufficient to serve aa 
food, or repay the trouble of separating it. 

Such being the general condition of the matter of which plants are made 
up, it is still only when endowed with vitality that they exhibit the properties 
peculiar to organization. The cell-formation, the first residt of me, changes 
that which was merely a mineral into an organized body, and then all the dif- 
ferent plants are distinguished from one anomer by the shape or plan according 
to which the cells are united together. The form, therefore, andmodiflcations 
of form, as they develop the system in plants, are matters without a strict 
knowledge of which the idea of the vegetable kingdom cannot be conceived, 
and in order to assist in this conception, it is well 1^ describe the language of 
naturalists in this department of science with reference to a single plant. 

A plant, then, may be said to consist of the following parts, although it 
must DC remembered that some of them are absent, and others greatly- 
modified in particular natural groups. There is a continuous principal trunK 
or stem, with various lateral appendages, of which three kinds may be traced, 
namely, the root, the leaves, and the huds; but the latter being, in fact, 
repetitions of the whole plant, except that they are not free at the lower 
eidaremity, and the roots agreeing perfectlv, in all their characters, with the 
firee extremity of the plant, we have the plant really made up of a stem or 
axis, terminating downwards in roots and rootlets, which attach it to some 
BoHd support, and upwards in a seed-hud, whence the original plant is 
repeated, and leaves, which vary greatly in their form ana nature, since 
amongst them, and belonging to them, must be ranked all the beautiful flowers 
and delicious fruits presented by the vegetable kingdom. Diflerent in 
external appearance as these are, their true character no longer admits of a 
doubt, and the change that takes place belongs to develo}>ment, according to 
well marked and iavariable laws. According to the kind and degree of 
development that is natural to plants is their ultimate and characteristic form, 
and specific definition. 

128 Natural Arra/ngement or Classification of Plants. — The first begin- 
nings of vegetation are seen when a green film covers old damn walls, or is 
deposited on the sides of a glass, in which soft water has stood for several 
days in summer. These consist of the simple cell, vegetating as an inde- 
pendent plant, and are succeeded in organization by the confervse or mould, 
where the cells are arranged in lines and filaments. Then come those long. 
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thin, and lettnoe-like leaves, sometimes green, sometunes red, often found 
on the coast, and afterwards the vast tribe of Lichens and Fimgi, which with 
the sea weeds (Algm), form the three groups composing one hurge class of 
plants. In the first mentioned tribes there are no demiite oi^ans, but in 
these latter there are cells separated from the rest, and destinea to the pro- 
duction of reproductiye cells ; but it is important to remember that, in fdl 
plants, the same organ may serve the most different vital offices in di^erent 
plants, and the same vital jprocess may belong to the leaf in one plant, to the 
stem in the other — except, mdeed, the organs of reproduction, wnich are not 
applied to anj other use. 

In the higher sea- weeds and lichens, the forms which in the Fungi (and 
also in those Uchens covering walls, stones, and palings, with a whiti»i-grey 
or yellow scurf) are very incfeterminate, put on a more definite and regular 
character, exhibiting constant shapes, which resemble stems and leaves, 
though they have not the same uses, nor the same relation to their detailed 
structure. All these plants, however, present this one great peculiarity, that 
in none of them is there, properly spealdng, either stem or leaf, and they are 
consequently flowerless, and have no visible organs of fructification, in the 
usual me; niag of the term. They thus form a separate natui^ group, which 
is associated by very close natural resemblances with another group, of 
which the Mosses, Ferns, and Club Mosses, are well known examples. In 
all these, there can be distinguished a distinct stem, with leaves, but a 

Seculiar series of ffradations is presented in the formation of the repro- 
uctive cells, whica first come into more intimate connexion with the 
leaf, and at last assert so strongly their claim to definite foliaceous organs, 
that they lose all resemblance to the other leaves. Thus, in tiie Masses 
and Ferns, there is a peculiar approximation in form to the structure of the 
reproductive organs of more highly organized plants, while in the Glah 
Mx>8ses, the resemblance is even greater, and the analogies are more 
real. All the various natural groups above referred to are described by 
botanists under the general name or Cbyptogahia, and the second group 
are also called Acotyledans, owing to the plant not growing from a seec^ 
which contains nourishment for the young individual during Ihe earliest sta^e 
of its existence, although in some respects resembling plants of lugher and 
more complicated organization. In all other plants the stem and leaf are 
the elementary organs, but definite leaves are transformed so as to form 
reproductive cells, and these are therefore sometimes called sexv^l planU, to 
distinguish them from the Crjptogamous tribe. 

The sexual plants are agam subdivided, one group exhibiting a very simple 
inflorescence — ^mdeed, no flower in the ordinary sense — ^and presenting the seed 
naked and undefended. The whole fir tribe, the misletoe, and a family of 
tropical plants (the Cvcad^uiecs) Bxe of this kind, and offer a striking contrast 
to the other plants where the infiorescence is remarkable and characteristic. 
The phanerogamous plants are therefore either Oymnosperms (naked-seeded) 
or Angiosperms (covered-seeded) ; and the latter are ei&er developed from a 
bulb or sin^le-lobed seed, as the palms and grasses, and are called Mowh 
cotyledons (smgle seed-lobed), or from ^ double seed, like the bean, thenctf 
called Dicotyledons (double seed-lobed). The plants of the two series not 
only differ essentially in their apparently unimportant characters, but in all 
the rest of their organization ; and are so strikingly distinct in their external 
appearance, that a little practice enables the eye to recognise them at a 
glance. Thus the first or monocotyledons generally have the fibre-like wood- 
Bundles scattered throughout the stem, as in the maize, while the second has 
a closed firm circle of wood, like the willow ; in the leaves of the first the 
veins are usually parallel, as in the grasses, but in the others they ramify 
like the branches of a tree, and form an elegant net work on the surflEUse of 
the leaf, as in the lime ; and finally the number three prevails in the floral 
arrangements of the first, as in the tulip, while the number five is that found 
characterizing the other, as in the primrose. The two series proceed parallel 
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with each other in respect of inflorescence, from the simple to the more com- 

Slicated forms, so that in the highest stage, where a number of separate 
owers are united into one deflnite whole, arranged according to a marked 
type and defined with circlets of leaves, we And on the one side the grasses 
and on the other the so called Compositce, of which the daisy, dandelion, 
thistle, &c., are well known examples, holding side by side the highest station 
in existing vegetation. 

Thus, then, we And all the plants brought within range of description, by 
referring to these important, because natural, characteristics, and it may be 
worth Tmile here to recal the principal points, and express in a tabular form 
the outline of the classification as a matter to which we shall frequently have 
occasion to refer. 

1. Thallophttes. {ConfenxBf Ftmffi, Lichenea, Algce.) Stemless, and often 
without leaves or roots, growing in a oentrifii^ manner, and capable of 
undergoing modifications in the individual cells. 
^ 2. AcOTTLEDONS. {Liver-wofU, Mosses, P&ihs, EquisetacecB, Club-mosses, cmd Bhizo- 
carps.) Having stems, vascular bundles, all developed at the same time, 
embryo a simple cell or congeries of cells, gprowth simultaneously upwards 
and downwards from the central axis or stem, no visible floral develop- 
ment. 

3. Anoiobfebms. (Comfera, Cycadecuxce, LorantJiacece.) Inflorescence very 
simple, not presenting a true flower, seed-bud and seed naked. 

4, MoNOCOTTLEDONS, also called Ekdooenb. Having one seed-lobe, which forms 
one small leaf in the embiyo state, the fresh leaves springing from the 
centre, and the footstalks of the old leaves forming the outside of the 
stem ; the vascular bundles definite, and converging towards the interior ; 
not having true wood ; illustrated by the palms and grasses — aQ the arrange- 
ments having reference to the number three and its midtiples. 

^5. DicoTTLEDONS, also Called ExooEirs. Increasing by successive coats from, 
without, the growth of each year forming a concentric circle of wood 
round the central pith; having two lobes in the seed, symmetrically 
arranged, and appearing as two small leaves above the ground when the 
plant first grows ; vascular bundles indefinite ; the floral and other arrange- 
ments governed by the number five. Most of the common forest-trees of 
temperate dimat^, as the oak^ beech, &o,, are examples of this group. 

1 29 Infiv/enceqf Climate on Fej^c^a^ww.— Plants being thus very variously 
constituted, and o£(erin^ so many varieties of structure, are greatly influenced 
by various causes, of which climate and soil are the most direct ana important. 
ThxLB in tropical climates monocotyledonous plants abound, and in temperate 
regions dicotyledonouB, while in polar or extremely cold countries, the vege- 
tation is chiefly cryptogamic. On the other hand, certain tribes of plants are 
strictly confined to particular local conditions, which, at least to some extent, 
are connected with the soil, directly as well as indirectly. 

We have already, in speaking of the distribution of temperature on the 
globe, explained those causes ouTniich climate depends, and the vast diflPerence 
m climate that may exist in places having the same latitude, but difierent 
longitude ; in others, having the same mean annual temperature, but difierent 
summer and winter heats ; and in others, having the same extreme limits of 
temperature, but not on the same isothermal. Vegetation is ^eatly influenced 
by ^most every distinct change of climate, although individual plants will 
adapt themselves pennanently to considerable ranges of heat and c^ld. 

Witiii regard to the extreme limits of temperature at which vegetable 
organization can exist, we may say, that although seeds will not germinate 
at a temperature below the freezing point of water, (according to Goppert's 
recent observations, 30° Fah.is the limit,) still even ilie extreme cold required 
to freeze quicksilver does not destroy their vitality. So also, on the other 
hand, no seed will germinate in water whose temperature is 122° !F., and 
at the hejit of 144° in vapour, and 167° in dry air the vitality of com is 
destroyed. It is indeed probable that a long continuance at much less 
extreme temperatiire would be absolutely destructive, since in the case of 
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grain an exposure to 95^ F. for three days has beea effectual ia preventaiig 
aubsequent growth. 

It nas been observed generally that the mean temperatures of different 
seasons and single months form the best guides for purposes of botanical 
geography, since, if the isothermal lines only are attended to, tbe most 
extreme dissimilarity may exist in real climate. In those places which have 
the same isotheral lines, (e<}ual mean summer temperature,) and in which 
the maxima of heat for certam limited periods are nearly the same, there is a 
sufficient resemblance to allow of the growth of similar plants, although in 
the one place the winter may be mild, and in the other very severe. 

It is well known that the leaves and flowers of the same plant are 
unfolded at different periods of the year ; earlier in the warmer regions, 
later in the colder. M. G. de. St. Hilaire once observed the peach trees at 
Brest without leaves or blossoms on Ist of AprU ; on the 8th lie found 
them in full bloom at Lisbon ; on the 25th, at Madeira, the fruit had set; and 
on the 29th he got ripe peaches at Teneriffe. Numerous other examples 
might be quoted, the general result being that for each degree that the 
station of a plant is nearer the pole, the time of flowering is delayed almost 
four days, but there are many causes whieb greatly momfy this law, and it 
may be otherwise and more accurately expressed by saying, that vegetation 
is retarded, on an avera^re, three days if the temperaturTbe diminished one 
degree of Fahrenbeit, although, a&er all, such calculations have no very 
sound basis. It requires li^ht and the action of the chemical rays of tbe sun 
to stimulate plants to activity, and perhaps heat may be a much less important 
element than has often been supposed.* 

Climate alters and is comomed with a change in the condition and 
pressure of the atmosphere as we ascend from plams towards table-land and 
the higher portions of mountain-chains. This is seen equally well in what- 
ever part of the world the investigation is made, and modifies very greatly 
both the present and past distribution of vegetables on the Earth. Thus, at 
the foot of a mountain, the plants of the plain appear, but they gradually 
disappear as we ascend, and a traveller familiar witn the vegetation, or florUf 
of an arctic or temperate climate, will find, in ascending high mountains 
within the tropics, that he sees first one and then another group of familiar 
forms prevailing over the tropical forms of vegetation that he has left in the 
plains. Af^r a time, even the trees cease to grow to their fall height, 
bushes being the largest plants, and, at length, as he approaches the limit of 
perpetual snow, the bushes give place to herbs, these to lichens, and but a 
few of the forms of plants of the arctic zone are missing, while even the 
same species re-appear after having been lost throughout the whole space 
between the arctic regions and the summits of these mountains. 

There is, therefore, a certain parallelism between the distribution of 
vegetation firom the level of the sea to the limit of perpetual snow, and that 
from the equator to the poles, although the gradual change of vegetation 
takes place much more slowly towards tiie poles than with increasing altitude. 
With our present Icnowledge it is now no longer difficult to perceive that this 

Sarallelism exactly agrees with that which we find between the gradual 
ecrease of heat trora the equator to the poles, and that from the pain to 
the limit of perpetual snow.* 

It is ex&emely difficult even to imagine any hypothesis which shall 
explain the true influence of climate on vegetation, for we often find plants 
capable of imdergoing great changes in temperature and even in all other 
constituents of cfimate without injury, and yet naturally limited in extent 
within very narrow bounds. On the other hand, however, we find forest 
trees and natural tribes of well known plants altering their external character 
and form to a very great extent when exposed to a change of climate, either 
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by removal to a different latitude, or by being transplanted to more or less 
considerable elevations above the sea level. 

As an example of another kind we may take the case of barley, which is 
cultivated from the extreme limits of culture in Lapland to me heights 
immediately beneath the equator, although it is only witbin a very narrow 
zone that it apparently flourishes under natural conditions. It has been 
found by some curious experiments that in several places under latitudes 
varying as much as folrty degrees, the actual number of days between planting 
and reaping multiplied by the mean temperature is nearly the same, so that 
to define accuratehr the conditions of temperature required to maintain any 
plant in a flourisning condition we must state within what limits its period 
of vegetation may vary, and what quantity of heat it requires. 

The great importance of considering the extremes of temperatm*e in 
speaking of climate is, however, best illus&ated in the case of the vine, which 
will indeed grow, and, in some seasons, produce eatable fruit in many districts 
beyond certain weU defined limits withm which drinkable wines are grown to 
profit. For this latter purpose a mean annual temperature of more than 
49° Fah. is sufficient, provided the mean winter temperature is above 
32^.8 Fah., and the mean summer temperatmre at least 64^.4. Thus, at 
Bordeaux, (latitude 44° 60',) the mean temperature of the year is 56°.8, of 
winter 43°.2, and of summer 71®. On the Baltic, (latitude 62J^°) at a spot 
somewhat beyond the extreme verge of the wine-drinking countries, the 
corresponding figures are 47°.6, 30°.8, and 63°.7 respectively, and here wine is 
produced, but can hardlvbe called drinkable. On the east coast of Ireland, in 
latitude 55°, the myrtle nourishes as luxuriantly as in Portugal, but the summer 
temperature being low, the vine will very rarely ripen its fi^t in the open 
air. Tor the mean temperature for the month of August being <)nly 60°.8 Fah., 
the proper summer average is not approached, and the imldness of winter, 
which raises the isotherm^, cannot make the required difierence. Thus, the 
culture of the vine and the profitable limits of other plants usefdl to man, 
depend more on the isotheral than the isothermal line, and are little affected 
by great cold occurring in winter. 

130 Infl'ueTUie of Soil on Vegetation, — ^Plants are generally attached to 
the earth mechanically, and derive very important inorganic substances from 
the soil in which they grow. Many, however, can exist permanently in 
water, while some few seem to require nothing more than they can obtain 
directly firom the air, and others derive support only indirectly from the soil, 
being attached as parasites to other plants. 

Almost all soils, even fine quartzose sands, the most barren of all, contain 
some soluble matter which plants can avail themselves of, and if we remove 
any plant to matter perfecthr insoluble and water it with distilled water, it 
can never attain to perfect development, although with carbonic acid gas and 
water it wiU continue to live. Water is thus absolutely essential, and 
carbonic acid not less so, to the existence and reproduction of all vegetable 
matter, but much more than this is generally required, and it becomes 
important to know how far the presence or absence of particular minerals, 
the nature of the materials of which a soil is principalr^ made up, or the 
mechanical condition of such materials affect the capacity of the soil for 
receiving and noTirisliing certain plants or natural groups of plants. 

From the different habits already alluded to it wiU readily be seen that 
a division into aquatic, land, and parasitic plants, includes almost all the 
various kinds we are likely to meet with. 

The first class includes many groups, and with them may be properly 
associated shore plants, am|>hibious and inundated plants, and some others ; 
while the third or last class includes those only which are limited, so far as 
their habitat is concerned, to other trees and vegetables. But it is with the 
second class that we have now to deal, and these also are much subdivided, as 
we have sand plants, limestone plants, clay plants, gypsum plants, turf plants, 
bog plants, and marsh plants. We may also consider ia reference to this 
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subject the mechanical condition of the soil and subsoil, some plants growing 
on hard rock ; others on fraffmentary or broken rock, boulders, or gravel ; 
others on material in fuier suodiyision or sand ; and others again on tough 
argillaceous rock ; while, again, there are whole tribes of plants which seem to 
have especial reference to cultivation, becoming so far modified by artificial 
culture that their true habits are rarely now to be recognised. It will be 
convenient to foUow the arrangement of Dr. Meyen (see Geography ofFlanU 
before quoted) in this part of our subject.* 

Sand plants, or flint plants, are of peculiar character in all parts of the 
Earth, and the greatest number of tnem are probably grasses. Amongst 
them are aCarex (C arenaria), an Arundo {A. arenaria), several species of 
Tussilago and Fotentilla, and several other plants usually found in sandy 
plains, while one (Elymtis arenaritis) grows naturally and freely in shifting 
sand hills on the sea coast, and is often used with great advantage to bind 
loose sand, and prevent its being drifted by the wmd when no mechanical 
contrivance will serve and no other plant will grow upon it. Besides these 
there are some plants confined to river sand. 

There are plants which are found almost exclusively in rocks, and others 
again are more common on loose stones, amongst the former of which a great 
number of Cacti and other succulent plants in the tropics may be mentioned, 
together with the greater number or ferns, lichens, and mosses. These are 
found indifferently on quartz and calcareous rock, but particular species are 
liniited more closely in geological position. 

Gravel plants have been considered as chiefly growing on the detritus of 
mountains, such as Saxifirobga rivularis, Ranuneula alpestris, and J?, gla- 
cialis, and some species of SUda have been described, of remarkable beauty, 
|nrowing on a white trachytic sand on extensive tracts in the plateaux of 
]Peru, at an elevation oi from fourteen to sixteen thousand feet. 

Plants growing on calcareous rocks, whether chalk or limestone, form 
another group, of which the family OrchidecB presents many species. Calca- 
reous mountains exhibit many peculiarities in their vegetation, having for the 
most part few woods, but generally rather a shrubby and bushjr vegetation, 
and, therefore, theypossess a number of small plants which grow in the shade 
of these bushes. The chalk of our own island is well known as growing a 
short but sweet herbage, and on the ridges of the hills the yew and some teiw 
other cx)niferou8 trees grow to large size. In addition to the plants growing 
on the calcareous rocks, some are found also where gypsum forms the 
subsoil, but this is by no means a common condition in nature. The pre- 
sence of magnesia in rocks is generally unfavourable to the growth of plants, 
and the rocks that are very hard and not readily decomposed or disin- 
tegrated by atmospheric influence are also usually barren. 

Mixtures of sous are often found to be most favourable for the growth of 
those classes of plants that naturally abound on the mineral that prepon- 
derates, but it must not be forgotten tnat even those plants which peculiarly 
belong to a soil« appear also very frequently elsewhere ; and it has ei^en been 
observed, that some which have undoubted preference for a soil of a particular 
nature have a much wider circle of distribution than others which grow in 
common mould. 

Other mixtures, such as those which result in the formation of bog-earth 
and turf, have a peculiar vegetation, seen in those countries where turf- 
moors, bogs, and marshes are frequent and extensive. The species which 
grow on turf are distinguished by Rowing socially and by an excessive 
aevelopment of root. The Sphagna is an example of this, and is a plant 
which rarely allows any others to appear where it has taken up its abode. 
Bog plants grow on very wet soil, and as bogs are very frequent m northern 
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countries and in the Higher parts of mountains, sncli plants are found on the 
Alps, the Harz mountains, the mountains of Silesia, the plateaux of the Andes, 
and in Ireland. These, however, and turf plants are often mixed, as, in fact, 
a small addition of moisture turns a turf moor into a bog, and a still further 
addition to a marsh, but as marshes often contain sheets of water besides being 
permanently softer than bogs, they include also some aquatic plants and 
some peculiar to themselves. It is evident in all these cases that the 
qualities of the soil have in many important respects a decided influence on 
the presence of certain plants and on their abimdant increase. 

It is a singular fact, that a large number of plants seem to have attached 
themselves to civilized man, since they follow his footsteps as he advances/ 
and thus appear to exhibit a kind of domestication. The higher and more 
stimulating quality of the soils used for the cultivation of the food plants is 
no doubt often the reason of this, but there are also others, aad a number 
of species have been grouped by Schouw, one of the most eminent botanists 
in reference to the geography of plants, into wall-plants, ruin-plants, roof- 
plants, flank-plants, and ruboish-plants. These possess habits wnich are at 
once understood by their names, and in most cases show a decided preference 
for artiQcial over natural conditions of existence. 

Certain species also appear in flxed and singularly remarkable situations, 
as for instance, there is an extremely pretty fungus, which is found on and 
appears absolutely limited to wine casks. There is also one (a Conferva) 
which grows on window panes, and another on paper. These habitats are 
remarkable as being purely artificial, and not presenting any very analogous 
substance in nature. 

131 General Itarige of Plants in various Countries at moderate JSlevations, 
— ^However clear it may appear that plants are greatly affected by soil, 
situation, and culture, so that while some have naturally a wide range, others 
are limited in this respect, from causes easily understood, it is yet equally 
dear, that there are other natural limits of distribution which it now becomes 
necessary to treat of. There are in this matter two very different classes of 
facts to oe considered. The Heath plants, for example, occur on dry, sunny, 
sandy plains ; they extend from the Cape of Gooa Hope througn Africa, 
l.nrope, and Northern Asia, to the extreme limits of vegetation m Scandi- 
navia and Siberia ; these plants are distributed in this great region in such a 
maaaer that South Africa has a vast number of distmct species, of which, 
however, never more than a few individuals grow side by side, while, towards 
the north, the number of species suddenly diminishes in an important degree, 
the number of individuals increasing, till at last in the north of Europe 
a single species (the common Heather) overspreads whole countries m 
millions of single individuals. The range of distribution, or the area of a 
plant, includes all those localities in which plants freely grow, the expression 
' natural habitat' denoting the particular station or stations to which it has 
been appointed by nature. 

There are three ways in which we may speak of this area — ^namely, in 
latitude or distance from the equator towaros the poles — ^in longitude or 
distance on a line parallel to the equator — and in vertical distance from the 
sea level. The two former may be called ' distribution in horizontal space*— 
and the latter ' distribution in vertical space.* There is also another distri- 
bution determined by the examination of the fossil remains of vegetables in 
various rocks, which as it appears to present something like analogous con- 
ditions, is now known as 'distribution in time.* In the present section we 
have to treat of distribution in horizontal space. 

The distribution of plants is chiefly regulated by that of heat on various 
parts of the Earth's surface ; and as this, again, has a certain relation to the 
parallels of latitude, it follows that the distribution is according to latitude 
principally, the longitudinal extent of the area being much less important. 

The area of a plant, with reference to its extent in latitude, is called its 
* zone of latitude, or more simply * zone,' and it is called the * region,' when 
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vertical range is referred to. The term zone of lon^tade is applied, though 
more rarely, to the horizontal range of plants in districts within similar limits 
of longituae. 

The zone of every plant has a polar and equatorial limit beyond which 
the plant does not appear, but those plants whose polar limits extend to 
extreme latitudes are exceptions to this, as weU as those which cross the 
equator, and enter the opposite hemisphere. The former are generally called 
polar or arctic plants, and the latter tropical plants, but this is not quite 
accurate., as an arctic plant may appear within the arctic zone without 
ascending to the highest latitudes. Similar examples might be given of 
tropical ^ants which do not reach the equator. 

There are many conditions, some of which we have already adverted to, 
which modify and interrupt tlie range of particular species of plants. Thus, 
for example, if a plant require a certain degree ot heat, and its presence 
chiefly depends on this, it may appear in all those places which have the same 
mean annual temperature, and thus exhibit a gresitly interrupted ran^ge, 
especially when we combine vertical with horizontal distribution. The prim- 
roses, the anemones, and the gentians, of the plains of northern Europe, 
re-appear in this way at a certain elevation in the Swiss Alps, while SaUola 
hah, having an extraordinary and peculiar relation to the sea coast, has an 
almost uninterrupted range on the shores of most parts of the world. 

It is clear, also, that there is an artificial, as well as a natural, range of 
plants, for man is enabled to transplant many, as, for instance, tlie cereals 
and the vine, so as to have com in almost every country, while the grape, 
indigenouB only witWn narrow limits, is now introduced and is cultivated to 
advantage in South Africa, Australia, the islands of the Eastern Achipelago, 
and many parts of America, on the Pacific as well as the Atlantic side. 
Many plants seem to grow with much more than natural luxuriance when 
introduced into new countries. 

G-enerally it is found that plants with a naturally wide range may be 
extended much farther artificiaUy, while plants of limited area are generally 
spread with difficulty, and we may lay it down as a rule, that the range of 
mants is wider the lower the aegree of their development. Thus, the 
CryptogamiflB — especially the lichens and mosses, — and probably the Algse, 
are distributed uninterruptedly from one end of the Eartn to the other, and 
of one hundred and sixiy-seven plants, common to Europe and Australia, as 
many as one hundred and twenty-two are Acotyledons, thirty only being 
Monocotyledons, and fifteen Dicotyledons. On the other hand, some 
plants have a range as remarkably limited, being confined to an island or 
a moimtain. 

Plants vary so much in the extent of their range, that general rules can 
scarcely be laid down concerning them, but it has l^en supposed by Schouw, 
that in the temperate zone of the northern hemisphere, a distance of 10^ — 15° 
is the most common breadth of the area of a plant, while the extremes do not 
extend more than five degrees as a minimum and thirty as a maximum. 

The longitudinal extent of a zone is often much greater, since there are 
some plants which range as a belt round the globe. There are, however, 
cases of very limited range in this direction, generally caused by the 
existence of some natural obstacle, as a broad expanse of water, or a loftv 
mountain ridge. 

The subject of the distribution of plants may be divided into two perfectly 
distinct branches, one of which treats of tne distribution of the forms 
which point out the groups of plants, while the other does not inquire 
concermng the absolute predominance of any particular group or type, but 
considers the relative proportions founded on actual numbers, which any 
given group, by its number of species, bears either to the whole mass of 
Known plants, or to the number of species of other groups. The former gives 
what may be called the Physiognomy of plants, since in it the general aspect 
is regarded, while the other presents the true Statistics of plants. As an 
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example, it is well known that a particular gronn of plants, such as the ferns, 
may determine the natural character or floral physiognomy of a country 
witnout therefore being predominant by the numoer of its species, because, 
although in the same country, some other plants, such as the Compositis, 
may exceed the ferns in the actual proportion they bear to the sum of all 
the phoenogamous plants, yet a single species of i!em may cover ten times 
more ground than all the Cfompositse together. The ferns here preponderate 
by the mass of individuals, not by the number of species. 

It is at any rate a fact, and a very important one, that plants are 
distributed over the Earth's surface according to certain laws, but of the 
true nature of these we are not perfectly acquainted, for although we know 
some of the external causes which place the more developed and nobler 
forms of vegetation in the hot zones, we know of no cause why the same 
species of plants are not always produced under similar conditions of climate. 
Thus, the sinsnilar group of the Cactacece is properly peculiar to t^e torrid and 
81lbt^pical z^nes p? Wrica, two species only ha^^ been met with in Asia, 
and none in A&ica. But the form of Cactus has its representative in the 
Old World, for we have on both sides JSupkorbuB, which we should certainly 
consider Cacti, if we were i gn orant of their organs of fructification. It is equally 
inexplicable why the Old W orld should possess abimdance of heaths (MHca), 
while only a representative form (not a true heath) comes in their place in 
America ; but these and other remarkable facts agree in showing that the 
^eater number of families of plants are distributed over the whole globe, 
mdividual representatives of the groups appearing wherever a fertile soil is 
exposed to li^ht and air. 

In the distribution of plants, it has also been observed, that the species 
of genera, as well as the genera of families, proceed sometimes from a point, 
and range themselves round it in concentric circles, or spread from it like rays 
in various directions, wMle in other and more common cases, they are arranged 
in belts. Occasionally these methods are modified by the social or isolated 
habit of the plant, wmch is a very important circumstance in its distribution. 

Genera, as well as families, attain their maximum in some one place on 
the Earth, and when in addition to this the number of individuals m which 
the genus or family grow is sufficient to influence the physiognomy of 
the flora, it has been found convenient to give a special name, generally 
formed from that of the country or zone. The Palms and others are thus 
almost exclusively confined to the torrid zone, and are regarded there as 
characteristic, almough species extend far to the north and south of the 
two tropics. 

When a family of plants predominates in any zone, either by a number 
of individuals or species, and in another zone there are only a few or single 
forms of it, the family is ^aid to be represented by the few species, and these 
are then called the representatives oi the family. Thus, the Heaths of the 
Old World have their maximum in South Africa, but the beautiful shrubby 
forms abundant at the Cape of Grood Hope are represented in the south of 
Europe by one species (jE, arborea,) So the Acaci® characterise New 
HoUcuid, but one species {A, heierophi/lla) is the representative of the family 
in the Sandwich Islands, and in the form and growth of its leaves seems 
even to connect in the northern hemisphere two forms of prevalent vegetation 
in Australia. 

If we consider the general features of the vegetation spread over the 
globe, or the diflerent impressions which, at diflerent places, it makes upon 
us, we shall soon remark certain principal groups, which are more or less 
clearly separated from the surrounding plant-s. These groups, which are 
distinguished by their peculiar physiognomy, sometimes agree also in artificial 
characters, and form certain genera and families, but sometimes it is the 
whole vegetation of the district which has received a peculiar character from 
the arrangement or grouping of the^ diflerent forms of its plants. If we 
were to classify the whole mass of vegetation according to the peculiarities in 



1 



828 PHYSICAL GEOGRAPHY. 

physiognomy which it presente, the clasgification must be twofold, both 
geographical and botanical. When the geographical principle is taken, we 
may divide the vegetation according to the countries, or larger tracts, in 
which it is found, and call such divisions * Floras,* which are further 
designated by the names of the countries, but such divisions may also be 
called * regions,' or phyto-geographical kui^rdoms. The whole surface of 
the globe has been mapped out into such divisions, which we now proceed 
to enumerate. 

132 The Botanical Regions. — Two eminent authors have suggested 
divisions of this kind. The first is that of M. de Candolle, with reference to 
natural stations, and the other by Professor Schouw, who has taken the most 
remarkable features of the vegetation of geographically marked districts. 
We quote the tables as given by Professor ^dfour, in his Manual of Botany, 
not long since published : — 

PLANTS AS GROUPED ACCORDING TO THEIR NATURAL STATIONS. 
A. Plants growing in Water, whether 8aU or Fresh, 

1. Marine plants, such as Sea- weeds, lAvers, Ac., which are either buried in thd 
ocean, or float on its surface ; also such plants as Ruppia and Zottera. In the 
Sargasso Sea there are floating meadows of Sargassum hacciferum, gulf weed. This 
sea extends from 22P to 86® north latitude, and from 25° to 45° west longitude from 
Greenwich, an area of 40,000 square miles. 

2. Maritime or saline plants. These are plants which grow on the border of the 
sea or of ealt lakes, and require salt for nourishment, as Salicomia, glasswort, SalsotOf 
salt wort, Andbam. Such plants are often called Halophytes (sea plants). Under 
this head may be included littoral and shore plants, such as Armeria, sea pink, QUmx, 
and Samcliua. 

8. Aquatic plants, growing in frvsh water, either stagnant or running ; as Sagittaria, 
arrow head, Nymphceaf water lily, Potamoffeton, pondweed, Subvlaria, awlwort, 
Uti'ktUaria, bladderwort, StrcUiotes, water-soldier, Leima, duck weed, Pistia, Conferva, 
OtcillatoricB, and Eanwncvlus fiuviatUis, Some of these root in the soil, and appear 
above the surface of the water ; others root in the soil and remain submeiged ; while a 
tew swim fr-eely on the sur&oe without rooting below. 

4. Amphibious plants, living in ground which is generally submerged, but occasion- 
ally dry, as JtanunctUtts aqiuUtlis and scderattUf PolygoTiwn ampkUnum, Nasturtium 
amphibium. The form of the plants varies according to the d^ree of moisture. Some 
of these, as LimoseUa aqibcUica grow in places whidb are inundated at certain periods 
of the year ; others, such as Rhizophonu (mangroves) and Avicenvwu, fimn forests at 
the mouths of muddy rivers in tropical countries. 

B. Zand Plants which root in the Earth and grow in the Atmosphere, 

5. Sand plants ; as Ca/rex arenaria, Ammophila arenaria, Elynms aranartiM, and 
ChJUsmagrostis arenaria, which tend to fix the looBe sand, Plantago arenaria, ffenUaria 
glabra, Sedum acre. 

6. Chalk plants ; plants growing in calcareous soils, as some species of QpAryi, 
Orchis, and Cypripedium. 

7. Meadow and pasture plants ; as some species of Lotus, bird's-foot trefoil, a great 
number of grasses and trefoils, the daisy, dandelion, and butter-cups. 

8. Plants found in cultivated ground. In this division are included many plants 
which have been introduced by man along with grain, as CeatoMWt eyanus, oom blue- 
bottle, Sinapis arvensis, common wild mustard, Agrostemma, corn-cockle, several 
species oi Veronica and Euphorbia, Lclvum temutentum, Convolvulus arvensis, Oiehoritim 
intj^ms, also plants growing in fiJlow ground, as Eumex acetosdla, Oarduus mUam, 
Echiwn vulgare, Artemisia campestris, and Androsace septentrumaUs, In this division, 
garden weeds are included, such as groundsel, chickweed, Lamium amptexioande, 
Chenopodium vulgare, and viride, 

9. Bock or wall plants ; Saxifrages, Wall flower, Lvnaria cyvnJbalaria, Braha mwralit, 
species of Sisymbrium and Sedum, Asplenium, Buta m/uraria, and some lichens and 
mosses. 

10. Plants found on rubbish heaps, especially connected with old buildings. Some 
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of these seem to select the habitations of man and animals on account of cei-tain 
nilarogenouB smd inorganic matters, which enter into their composition. Among them 
may be noticed. Nettles, Pellitory, Docks, Borage, Henbane, Xcmthvum. Here, also, 
have been placed some plants immediately connected with the habitation of man, such 
as JicKodium ceUare, a fimgus found on wine casks, Conferva fenettrcUiSf an alga 
produced on window panes, and Conferva dendrita, one developed on paper. Some 
plants, as Sempervivn/m tectorvm, select the roo& of houses. 

11.^ Plants growing in vegetable mould ; such as bog-plants, or those growing on 
wet soil, so soft that it yields to the foot but rises again, and marsh plants growing in 
wet soil, which sinks under the foot and does not rise. To the former class belong 
such plants as Pinguicula alpma, and Primula farinoaa; to the latter, such as 
Menyantkea, Cwnarum, Bidem ctrwaa, 

12. Forest plants, including trees which live in society, as the Oak, the Beech, 
Firs, &c., and the plants which grow under their shelter, as the greater part of the 
European Orchises, some species of Civrex and Orcha/M^, Some plants especially grow 
in pine and fir-woods, as Li/nmoea boreaZit, and some F^rolas. 

13. Plants of sterile places, found in barren tracts by road sides. This is a hetero- 
geneous class, and contains many plants of uncertain characters. Under it are included 
the plants of uncultivated grounds, as those foimd on moors, where CallvMa wdfforis, 
common heather, and various Heaths, Juniper, Andromeda, and some species of Poly- 
trichum occur. 

14. Plants of the thickets or hedges, comprehending the small shrubs which 
constitute the hedge or thicket, as the Hawthorn and Sweet-briar ; and the herbaceous 
plants which grow at the foot of these shrubs, as Adoxa, Wood sorrel, Violete ; and 
those which cumb among their numerous branches, as Bryony, Bluck. Bryony, Honey- 
suckle, Travellers' joy, and some species of Lathyrtu, 

15. Plants of the mountains, which De Candolle proposes to divide into two 
sections: — 1. Those which grow on alpine mountains, the summits of which are 
covered with perpetual snow, and where, during the heat of summer, there is a 
continued and abundant flow of moisture, as numerous Saxifrages, Gentians, Primroses, 
and Bhododendrons. 2. Those inhabiting mountains, on which the snow disappears 
during summer, as several species of snap-dragon, among others the Alpine snap- 
dragon. Umbelliferous planto, chiefly belonging to the genus Seteli, meadow Saxifrage, 
Labiate plants, &c. 

C. Plants gromng in Special Localities, 

16. Parasitic plants, which derive their nourishment from other vegetables, and 
which consequently may be found in all the preceding situations, as the Mistletoe, species 
of Orobaaiche, Cuscuta, (Dodder,) Loramthus, Jtafflma, and numerous fimgi. 

17. Pseudo-parasitic plants or Epiphytes, which live upon dead vegetables, as 
Lichens, Mosses, &c., or upon the bark of living vegetables, but do not derive much 
nourishment from them ; as Epidendrum, Aerides, and other Orchids, as well as 
TiUcmdda, Bromdia, Pothos, and other air plants. 

18. Subterranean plantcf, or those which live under ground, or in mines and caves, 
almost entirely excluded from the light ; as Byssus, Truffles, and some other cryptogamic 
plante. 

19. Plants which vegetate in hot springs, the temperature of which ranges from 
B(P to 150^ of Fahrenheit's thermometer, as Vitex a^/nus-costus, and several crypto- 
gamous plants, as Ulfpa ihermalis, the hot-spring laver. 

20. Plants which are developed in artificial infosions, or liquors, as various kinds 
of j9ftccor, causing mouldiness. 

21. Plants growing on living animals ; as species of Sphceria and Sarcinula and 
Tsrious other Fungi and Algae. 

22. Plants growing on certain kinds of decaying animal matter, such as species of 
Onygena, found on the hooft of horses, feathers of birds, &c., some species of Fungi, 
which grow only on the dung of animals, and certain sgedea of Sploichmbm. 

Of these groups of plants a large number were recognised by De 
Candolle, the others bein^ added by Sory St. Vincent. We next give the 
more generally recognisea and more geographical divisions of Schouw, which 
are based on yarions observations made in many parts of the world, and asree 
with the condnsions arrived at by Humboldt and others, who have carefully 
studied this important department of Physical Geography : — 
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PLANTS GROUPED IN GEOGRAPfflOAL REGIONa 

I. The region ofSaxifraget and Mosaet, or ike Alpine Arctic Fiora, — ^Thia region is 
charaotoriBed by the abundimoe of mosses and lichens, the presence of the saxifrages, 
ffentiaDSy the chickweed-tribe, sedges and willows ; the totid absence of tropical fiuni- 
ues ; a notable decrease of the forms peculiar to the temperate zone ; by forests of fin 
and birches, and an absence of other forest trees ; the small number of annual plaoii^ 
and the prevalenoe of perennial species ; and finally a greater li-vellness in their simple 
odonrs. This region is divided into two proyinces. 1. The province of the CariceSf 
or the Arctic flora, which o(Hnprehends all the countries within the polar circle, witi^ 
some parts of America, Kamtsohatka, New Britain, Canada^ Labrador, Greenland, and 
the momitains of Scotland and Scandinavia. 2. The province of primroses and 
rampions, or the Alpine Flora of the South of Europe, which embraces the flora of the 
Pyrenees, Switzerland, the T^nol, Savoy, &c., the moimtains of Greece, the Apenninee^ 
and probably the mountains of Spain. 

II. The region of the Umbelliferous and Ontciferoue Plants, (to whidi the hemlock, 
parsley, wallflower, cresses, ftc., belong.) — These tribes are here in much greater 
number than in any other region; roses, crowfoots, mushrooms, amentaceous and 
oonifurous plants are also very numerous ; the abundance of Oarices and the &11 of the 
leaves of almost all the trees during winter form also the chief features of this division. 
It may be separated into two distinct provinces. 1. The province of the Cidioraces 
(mcluding the sow-thistle, dandelion, lettuce, icdX which embraces all the north of 
Europe, not comprehended in the preceding region — namely, Britain, the north of 
France, the Netherlands, Gennany, Denmark, Poland, Hungary, and the greater 
part of European Russia. 1. The province of the Astragali and Cynarocepfudcs (to 
which the milkvetch, burdock, thistle, &c., belong), which includes a part of Asiatic 
Russia and the countries about Mount Caucasus. The cultivated plants include those 
most useful and important in the temperate zones. 

III. ITie region of the LabiatcB and CaryophyUoe, (to which the pink, catchfly, sand- 
worts, &c., belong), or the Mediterranean Flora. — It is distinguished by the abundance 
of the plants belonging to these two orders. Some tropical &milies are also met with, 
such as palms, laurels, arums, plants yielding balsam and turpentine, grasses belong* 
ing to the genus Pa/nicwn, or millet, and the true Cryperaceas, or sedges. The forests are 
composed chiefly of the amentaceous and coniferous tribes, as birches, oaks, &c., the 
copses of Bricacece, or heath tribe, and Terebinthaeeee, as the mastich, &c. We meet here 
with a great number of eveigreen trees. Vegetation never ceases entirely, but verdant 
meadows are more rare. Schouw divides this region into five provinces. 1. The 
province of the cistuses, including Spain and Portugal. 2. The province of the sa^ 
and scabious, the south of France, Italy and Sicily. 3. The province of the shrubby 
LabiatcBf the Levant, Greece, Asia Minor, and the southern part of the CaucasiaD 
countries. 4. The Atlantic province, the north of Africa, of which he does not yet 
know any distinctive character. 6. The province of the houseleeks, the Canary Idee^ 
and probably also the Azores, Madeira, and the north-west coast of Africa. Many 
houseleeks and some q>urges with naked and spring stems particularly cluuiicterise 
this province. 

IV. The regi^m of the Jihamni and Caprifoliacece, (to which the buckthorn and 
honevsuckle belong,) or the Japanese region. — This region is as yet too little known to 
enable us to determine accurately its cluiracteristic features. It embraces the eastern 
temperate part of the old continent, namely, Japan, the north of China, and Chinese 
Tartary. Its vegetation appears to occupy a middle place between that of Europe and 
that of North America, approaching more to the tropical than to the European. 

V. 27t« region of Asters and Solidagos, (Michaelmas daisies and golden-rods.) — ^This 
is marked by the great number of species belonging to tiiese two genera, by the great 
variety of ohks and firs, the small number of ci*acifer<yu8 and tmibelliferous plants, Ae 
total absence of the heath, and the presence of more numerous species of whortleberry 
than are to be met with in Europe. It comprehends the whole of the eastern part of 
North America, with the exception of what belongs to the first region. It has been 
divided into two provinces. 1. That of the south, which embraces the Floridaa^ 
Alabama, Mississippi, Louisiania, Georgia, and the Carolinas. 2. That of the north, 
which includes the oiker states of North America, such as Viiginia, Pennsylvania, New 
York, &c. 

VI. The region of Magnolias^ comprising the most southern parts of North America. 
— ^The tropical forms which show themselves more frequently than on a similar parallel 
of the old continent, are the chief feature in the vegetation. 
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VII. 5r%« region of Cactuses, Peppers, and Mdastomas, — These fiuniliea are here 
predominant^ both as regards the numb«r of the species and of the individnal plaats. 
It is divided into three provinces. 1. The province of the ferns and orchises^ com< 
prehending the West Indian Islands. 2 The province of the pahns, the lower parts of 
Mexico, New Gh:anada, Guiana, and Peru. 3. Brazil also seems to form a province^ 
and may perhaps constitute a region of itself. 

y III. The region, of Oinchonce, or Medicinal Barks, which comprises a part of the 
elevated regions of South America included in the torrid zone. The CinchoiMB belongs 
exclusively to this region and forms its principal feature. 

IX. 7%« region of EscaUoniaa, Whortleberries, and Winter* s Barks. — It embraces 
the highest parts of South America. We also meet with Alpine plants, as saxifrages, 
whitlow-grass, sandworts, sedges, and gentians. Perhaps also the mountains of Mexico 
belong to this region, although theymay form a separate province, that of the oaks and firs. 

X. The OhiUan region. — ^The Flora of Ohih differs essentially from those of New 
Holland, the Cape of Good Hope, and New Zealand, although an approach to them is 
observable in the genera Goodenia, Arancaria, (Chilian pine,) Protea, Ov/rmera, and 
Ancistrvm, 

XI. The region of Arborescent Compositce, (or arborescent plants, with flowers like 
the dandelion, daisy, &c.) — ^The great number of syngenedous plants, more particularly 
of the &mily of Boopidese, forms the chief feature of this flora^ which approaches in a 
remarkable manner to that of Europe, whilst it differs entirely from those of Chili, the 
Cape, and New Holland. This region comprehends the lower part of the basin of La 
Plata, and the plains which extend to the west of Buenos Ayres. 

XII. The Antarctic region, formed by the countries near the Straits of Magellan. — 
There is a considerable affinity between the vegetation here and what is seen in the 
north temperate zone. Polar forms, however, display themselves in the species of 
saxifrtige, gentian, arbutus, and primrose. There is also a resemblance between the 
flora of this region and those of the mountains of South America, of Chili, the Cape, 
and New Holland. 

XIII. The region of New Zealand, — ^This flora, besides the plants peculiar to New 
Zealand, comprehends several others which belong to the extremities of America, 
Africa, and Australia, or New Holland. 

XIY. The region of Epacrides and Ewxdypti, — ^It oompi^hends the temperate 
parte of New Holland and Van Diemen's Land. Besides the two £unilies whence it 
receives its name, it is characterised by the presence of a great number of ProieaoetB, 
myrtles, Stylidea, JRestiacece, IHosmeoe, Acacias, Ac. 

XY . The region of Mesembryanthema, or Fig Marigolds and Sta/pdioM. — ^These two 
genera, as well as the heaths, are very abundant here. The latter is found in greater 
quantity here than anywhere else. The region embraces the southern extremity of 
Africa. 

XVI. The region of Western Africa. — We are only acquainted with Guinea and 
Congo, the vegetation of which is a mixture of the Floras of Asia and America, though 
most resembling the former. This region is characterized by a considerable nimiber of 
grasses and sedges, and the peculiar genus Adansonia, the baobab, (the largest known 
tree in the world.) 

XVII. The region of Eaxtem Africa. — In regard to the eastern coast of Africa, our 
knowledge is very imperfect. The r^on is chiefly distinguished by the genera Danais, 
Ambora, Dombeya, and Senacia. 

XVUI. Ihe region of the Scitamineas (of the turmeric, cardamom, Indian shot, &c.), 
or the Indian Flora. The Scitamdneceheire are much more numerous than in America, 
as well as the legwrnmosoi, such as pease, broom, &c., cncwrbitacece or the cucumber 
tribe, and tUiacece, or the lime-tree tribe, although in a less degree. In consequence 
of the impei-fect state of the science, we cannot subdivide this region into provinces. 
It comprehends India, east and west of the Ganges, the islands of Madagascar, Boiurbon^ 
and Mauritius, those between India and New Holland, and perhaps the tropical part of 
this last continent. 

XIX. The mountains of India ought to form one or two regions, the vegetation of 
which differs from that of the plains. These countries, perhaps, constitute one region 
with the whole of central Asia. 

XX. ITie Floras of Cochin China, Tonguin, and the north of China, notwithstanding 
their resemblance to that of India, present & sutfioient number of peculiar indigenous « 
plants to constitute a distinct region. 

XXI. The Flwa of Arabia wnd Persia, differing from that of India and the Medi- 
terranean, forms a partic\ilar botanical region, characterised by the numerous species 
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of e€U9ia and mimoaa, (to which senna, the sensitive plant, ftc., belong,) which' are 
found in it. It appears probable that Kubia and a part of central Asia belong to it. 
Abjrssinia, the elevated parts of which possess such a different dimate^ may perhaps 
form one of the great subdivisions, or even a totally distinct region. 

XXU. The Idcmds of the Souih Sea which lie within the tidies form undoubtedly 
a separate region, though with but a slender degree of peculiarity. Among 214 
genera, 173 are found in India, and most of the remamder are in common with America, 
llie bread-fruit tree is among the characteristics of these islands, although it is not 
confined to this region. 

Marine plants are also confined to particular regions, from causes analogous to 
those which limit or fi^vour the exteusion of terrestrial plants. Thus, the NOTthem 
Ocean from the pt)le to the fortieth degree, the Sea of the Antilles, the eastern coasts 
of South America, those of New Holland, the Indian Archipelago, the Mediterranean, 
the Red Sea, &c., present so many large marine regions, each of which po anoonoo a 
peculiar marine v^etation and often diaracteristic plants. 

133 IXstrihution of Plants in Vertical Space, — Jxist as the mean annnal 
temperature of any part of the Earth is fomia to diminish as we advance from 
the equator towards the poles, although greatly modified in different districts 
from local circumstances, so does it aecrease regularly and rapidly as 
we ascend from the plains into the higher regions of the atmosphere, so 
that starting from the burning heat of central America, at or near the sea 
level, we pass quickly through all changes of temperature, tall in a few hours' 
travelling we reach the icy region where perpetual snow and ice prevent all 
vegetation. The most striking exemplification of the mere change of tem- 
perature is recognised in rising rapidly in a balloon ; but when one ascends a 
nigh moimtain, a similar but more gradual decrease of temperature is observed 
to correspond with striking differences in the vegetation. At the foot of 
the mountain the plants of the plain appear ; these gradually vanish as we 
continue to moimt — ^trees are found up to a certain height, but no further- 
then bushes prevail ; after which, towards the extreme elevations, the bushes 
giveplace first to herbs, and at length to only a few hchens. 

Tne traveller who has visited the countries to the north will, when ascend- 
inff high mountains in southern L*atQde8, very soon enter regions amongst 
whose vegetation he will recognise northern plants. At the limit of per- 
manent snow on these mountains he will miss but a few forms of the plants of 
the arctic zone, and even will find identical species which do not once appear 
in the plains in the whole spa^ between the arctic regions and the summit 
of those mountains. 

There is therefore a certain parallelism between the distribution of vege- 
tation from the level of the sea to the limits of perpetual snow, and that from 
the equator to the poles, although the gradual diange is far more rapid in the 
former than in the latter case. This naraUeUsm also exactly agrees with 
that which we find between the gradual aecrease of heat from the equator to 
the poles, and that fr^m the plain to the limit of perpetual snow. 

In ascending from the level of the ocean in the temperate and frigid zones, 
we find as we nse unon the slopes of the mountains that plants decrease both 
in the size of the individuals and also in their numerical development, while 
in the tropics the mass of vegetation is more limited in the plains than in the 
lower mountain regions. This is also the case with the greater variety of 
species which in common with these decrease in an upward direction, and 
the remark is applicable especially to the temperate zones, since in the cold 
zones the plants of higher regions cannot differ much from those of the plains, 
because the snow limits have but Uttle absolute elevation. The distance of 
the limits of trees and shrubs from the snow line is also greater in the torrid 
than in the temperate and frigid zones. 

In central and southern Europe the following difference is observed 
. between the flora of the plains and that of mountains of 4000 feet eleva- 
tion. The proportion of monocotyledons to dicotyledons, which in the plains 
is as one to four, decreases with the elevation (but only on dry mountain 
slopes), till at the height of 8626 feet it is as one to seven, and in particular 
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f. «feases even as one to nine. Moist mountain slopes, on the contrary, favour the 
E growth of monocotyledons, as here the proportion becomes one to three, 
s ' The tropical families which have representatives in tiie plains disappear 
altogether in the mountain flora, and this is also the case with those families 
^ 'vhich have their maximum number of species in the torrid zone. Examples 
^ of the first are found in the palms, and of the second in the laurels. Omer 
f' families which have their maximum in the torrid and diminish in the tem-* 
^ perate zone, exhibit this decrease still more on the slopes of mountains, as 
^ exemplified in the LeffttminoscB and £!iwkorhiaceiS, 

^ Among the fanuhes which have uieir maximum in the temperate zone, 

]i^ thiere are many that xmdergo but little change with increased elevation, as 
-r the weU known families Compogita, Oruciferce, UmhellifercB, MosacecB, and 
r^ others ; while some families decrease both towards the poles and the snow 
line in vertical space (e.ff. LiliaeecB, LahiattB, Sfc); and others, again, appear 
as subordinate groups, which have their maximum in the higher regions. 
]- In some cases the proportion becomes greater with increased elevation, as 

': Been especially with the saxifrages, mosses, and lichens. 

In tne European Alps the Compositce, from the number of species, are the 
' prevailing family ; after these follow, in nearly equal number, tne Cyperacea, 
^ AZttinea, Grraminece, CrucifercB, LegumirMsee, Mosacea, Saxifragece, and Umbel- 

- lifer(B; but the mass of vegetation is formed by the Catkin-bearing plants 
(A.mefnt<uie<B)i the grasses, and the ^enus Rhododendron. As characteristic 

; marks of the Alpine flora may be noticed, first, that the number of annuals is 
very small ; second, that the flowers are of great size in proportion to the 
\ whole plant ; and third, that the colour of the fl.owers, and mdeed of the 
^ entire plants, is brighter and purer than in the plains. 

Alpme plants f^Tord more nourishment to cattle than those grown on 
' plains, and plants with thorns or very hairy plants are seldom found in the 
Alpine regions. 

On ascending a mountain in the torrid zone, as in the Cordillera of the 
Andes, the tropical families disappear altogether at the height of about 7000 

- feet, or at least become represented by smgle species ; the number of species 
gradually decreasing, and those of fanmies which attain their maximum in 
temperate zones rej^acing them and increasing with the height. Thus of 327 
genera, to which the plants on the declivity or the Andes at a height of 7800 
feet and upwards belong, as many as 180, or more than one-half, are common 
to the temperate zone. 

As, therefore, the physiognomy of the vegetable kingdom is characterised 
by certain plants in the dinerent latitudinal zones from the equator to the 
poles, so is it also in the vertical direction in the mountain re^ons which 
correspond with the zones; and proceeding from the vegetation of the 
equatorial zone, we follow the series of vegetable regions in ascending lines 
one after the other, and may compare them with the diflerent zones as 
follows I — 

1. Region of palms and bananas . . Equatorial zone. 

2. Tree ferns and figs Tropical zone. 

3. Myrtles and laurels Sub-tropical zone. 

4. Eveigreen trees Warm temperate zone. 

5. European trees Cold temperate zone. 

6. Pines Sub-arctic zone. 

7. Khododendrons Arctic zone. 

8. Alpine plants Polar zone. 

This table shows that each of the zones of higher latitudes possesses a 
region less than that which precedes it, but it must also be understood that 
many modifications occur in nature in particular localities. Thus the limit of 
trees in the equatorial zone, in the Andes of Quito, is marked by an Escal- 
Ionia (not a Conifer), while in the temperate zone, in the Himalayans, the oak 
is the last tree at 11,500 feet above the sea on the south side, and the birch 
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the last on the north side at I4OOO feet. Similar exceptions occur with regard 
to the limit of shrubs.* 

134 Bange of OuUivated Plants. — Several natural &milies and many 
genera and species of plants bear so directly on the habits and eyen existence 
of man in the country where they abound, that the subject of cultivated plants 
becomes of great interest in a treatise on Physical Geography. The plants of 
this kind resolve themselves into about five groups, which we will now con- 
sider separately. They are (1) the cereals, (2) the tuberous roots, (3) the 
trees bearing K>od, (4) the plants used in the preparation of luxuries, and 
(5) the plants used in the manufacture of various amoles of clothing. 

The Cbbbals include a number of cultivated grasses bearing grain, of 
which wheat, barley, rye, oats, rice, maize, millet, buckwheat, Sui., are in 
various countries the chief food of man. Of these the first four are generally 
used in Europe, rice in Asia, maize in America, and nuUet in A&ica. 

The culture of Wheat is carried on in every quarter of the globe, firom 
latitude 60^ to 64° in Europe to the torrid zone, and even at the equator at 
an altitude of about 3000 feet. Its vertical limits in South America are 
between 3600 and 10,000 feet, the grain being extremely productive at 
moderate altitudes in hot countries. 

In the middle of the temperate zone, as in France, its cidtivation is not 
successfdl above 6400 feet. The productiveness in cold countries with 
indifierent cultivation is not more than five or six fold ; but in Hungary, 
Croatia, and Sdavonia, it is from eight to ten fold ; in La Plata twelve fold; 
in the north of Mexico seventeen fold, and in the equatorial parts of the 
same coxmtry twenty-four, and even in favourable seasons thirty-five fold. 
As instances of extraordinary productiveness, Humboldt mentions an instance 
in Mexico of wheat plants sending up forty, sixty, and even seventy stalks, 
the ears of which were almost equuly well filled, and contained from 100 to 
120 grains each. 

Ijie other grains of Europe, barley, rye, and oats, are only cultivated as 
bread corns in the northern and colder countries. In Scandinavia, barley 
extends to 70° north, rye to 67°, oats to 66°, wheat not being cultivated with 
profit above 62°. So also these other cereals are grown at higher elevations 
than wheat, barley being cultivated in Peru for lodder, at the very extreme 
elevation of 13,800 feet above the sea. 

There is much doubt as to the native country of the cereals. It has been 
supposed that wheat grows wild in Asia Minor and Persia, and barley in the 
north of Africa— perhaps Egypt. Oats do not appear to have been used by 
the ancients, but though they have been recently introduced as cultivated 
grain, their native habitat is extremely doubtftd. 

Rice probably supports a larger number of persons on the Earth than any 
other single article of human K>od, as its use is universal in eastern and 
southern Asia, and it is common in the north of Africa and the south of 
Europe, besides being now extensively cultivated in North America. There 
are twx> varieties of this vegetable, one growing on mountain slopes, and the 
other in swamps ; and of these, the latter, the most common, and also the most 
productive, yielding one hundred or one hundred and twenty fold, and in some 
places even four hundred fold ; while the mountain rice does not produce 
more than forty fold when grown continually on the same ground, or eighty 
fold on newly prepared spots. This kind, however, though less rapidly 
increased, is more esteemed and more valuable, inasmuch as it may be kept 
longer without spoiling. 

Maize is inaigenous only in America, and thrives best in the hottest 
and dampest tropical climates, yielding in some cases as much as ei^ht 
hundred fold, and in less fertile bnds three hundred or four hundred fold; 
while one himdred fold is regarded as a poor crop in tropical countries, 
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tboagli in tlie temperate zone, as in Califomia, it does not produce more than 
seventjr fold, and m still colder countries the yield is still smaller. 

Maize has been introduced into Asia, and its growth had spread over 
India^ China, and Japan very manj centuries affo. It is not, however, so 
favourite a food as rice. In America, the vertical mnits of its growth are very 
high, as it has been actually cultivated artificially at an elevation of 12,800 
feet, and Humboldt describes vast maize fields on the plateau of Mexico 8680 
feet above the sea. 

Turkey millet or Negro-com is also a grain of hot countries, much grown 
in the East Indies, and ranging to very considerable heights. Its limits in 
other respects are not accurately determined. 

The Tubbbous Boots. — Of these, the potato is beyond doubt the best 
known, and most widely spread in temperate climates. It was introduced 
about 260 years ago from America, (where it appears to be indigenous in the 
cold regions, at considerable heights on the Andes,) and witlun a very short 
space of time its cultivation has extended over the whole of Europe, up to 
latitude seventy-one dej^rees north, and has reached the lower ^ains of India, 
China, and Japan, the South Sea Islands, Australia, and New 2!ealand. The 
true native country and natural limits of this useful food plant are not 
accurately known ; but it is supposed not to be indigenous in North America, 
whence it was first brought to Europe. It is to tiiis day chiefly and most 
carefully cultivated in South America. 

The Arum or Taro^ as it is called in the Sandwich Islands, is an extremely 
important tuberous root, cultivated with extraordinary care in the hottest pai*t 
of the torrid zone, and ranging now in the East Indies and China, in the West 
Indies, in Africa, and at several points in the continent of America. The 
tube of this plant, which requires almost more than any other the intense 
heat of a vertical sun to ripen it properly, attains the size of a child's head, 
and is very dehcate in flavour. It requires much moisture, and is limited in 
vertical distribution to about 1000 feet above the sea. 

The Manioc, from which is made Cassava bread, is another important 
tropical food plant, cultivated in America, where it is probably indigenous, 
ana also in Guinea. Tapioca is made from this plant. 

The Batata, the Yam, and some other tuberous roots, are very exten- 
sively used for food in all parts of the torrid zone. Yams have been recorded 
to weigh as much as 474 poimds, being nine and a half feet in circumference, 
but the usual dimensions and weight are very much smaller. 

The Food-beabino Fbuit Tbees. — Of these, the Bread-fruit is one of 
the most important, but is confined to the torrid zone, and chiefly abounds in 
the islands of the Indian Archipelago and the South Sea. It m& never been 
observed in the wild state. 

It is the fruit of this tree that furnishes food, and the fruits are very 
abundant during eight or nine months of the year, the dried and prepared 
bread made from them lasting during the rest of the year. Each frnit is 
round, and often of considerable size ; it is generally plucked when unripe, 
and is peeled, wrapped in leaves, and baked. 

The Pla/niain or Banana yields another exceedingly common and most 
nutritious food to the inhabitants of tropical countries. Several species of the 
genus Muea produce, however, fruits that receive this name, and all of them 
are occasionally cultivated, the process of culture being exceedingly simple, 
and merely consisting of the removal of the old trunks after they have borne 
fruit. 

The plantain ranges very wide, and it is doubtful whether its native 
country is in the C3d or New World, or whether some species are not 
indigenous in both. In the plains it can be cultivated as far as thirty degrees, 
or even thirty-five degrees of latitude, and on the mountains some species 
reach nearly 9000 feet above the sea. According to Humboldt, the banana 
yields in a given extent of ground forty-four times as much nutritive matter 
aa the pota&, and 133 times as much as wheat. 
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The Oocoapalm is an inhaVitaat of ihie eoast, aad is inorediblj abuixduit 
in the South ^a Inlands, and those of the Indian Archipelago, nearly thiee 
millionB of the nuts having been exported in one year &om Ceylon alone, where, 
indeed, there is a forest of cocoa palms several leagues broad, stretching along 
thecoast for twenty^siz miles, and oontaining eleyen millions of Aill-grown trees. 
Eaeh tree will bear from 200 to dOO nuto in the year, and will live for nearly 
a century. The limits of growth of this palm are about twenty-eight degrees o( 
latitude, and a hei|^ of aboat 2000 feet. 

T^e Date palm is another tree belonging to the same fiamilv; and its fruit 
is also extensiTely used as food. It is m£genous in the north of A^ca, in 
Asia Minor, and Arabia, and has been transported as far east as Batavia. It 
will grow in Italy, in latitude forty-fo«r degrees, and in Sicily to the height 
of 1700 feet, bat is not there fmitfoL In Arabia and Egypt, it affords the 
chief food of tiie inhabitants. 

The Sago pa^M, of which there are several, are confined to the Eastern 
Archipelago, and the palm which sup^dies the large quantity of pahn oil used 
m commerce to the coast of Goioea. Other pahns are useful for various 
purposes of luxury, but not as principal articles of food. 

The Olite is a most valuable plant, growing in South Europe, between the 
limits of forty-four and a half degrees, and thirty-six degrees north latitude; 
but it cannot endure severe winters, and thus cannot be generally grown at 
eonsiderable elevations. In warmer climates than those of Europe, it appears 
to ^row more luxuriantly, and has been introduced with success mto America. 
It IS also grown in many parts of Mexico. 

The Chestnut spreads over the whole south of Europe, .but finds its true 
home in the warmer part of the temperate zone. It reaches eastwards to 
China, and thus Grosses the Old World from Spain to the Pacific. By art the 
chestnut has been induced also to grow north of the Alps, and is now found in 
northern Crermany and England. Many other trees supply fruits occasion- 
ally used as the food of man, but they ao not form a supply on which he can 
safely and constantly depend. 

f^ooD-FiJLNTS usxD AS LuxiTEXBS.— Of thcsc the Sugar cane is, perhaps, 
the most important. Indigenous in the Old World and cultivated in Chma 
and the eastern islands before the historical era, this valuable plant was 
introduced into America by the Spaniards about the year 1520, and since 
then haa been greatly cultivated in the tropical islands of the West Indies, 
and also on the mainland. 

The tract within which it can be cultivated stretches far beyond the 
tropics, reaching even to the latitude of South Europe, and in Mexico and 
Columbia it may be grown at the height of 6000 feet on the warm mountain 
riopes. It is understood to succeed best with a mean temperature of 76^ or 
77 , but will grow with advantage when the temperature is not below 67^ or 
d8^. The total amount of sugar produced was calculated in 1833 to exceed 
600,000 tons. There are several varieties of the sugar-cane, and the raw 
cane when ripe is much used as food. 

The Tea plant is another of those shrubs which have become highly 
important, but this is owin^ to the presence of a stimulant rather than any 
nutritive quality. China is the native country of this plant, and it there 
extends as far north as 40^, growing also in the mountain districts to the 
aouth, particularly on those mountains which separate China from the 
Birman empire. The British territory in ITorth Lidia, especially Aissam, 
has also been found favourable to the growth of tea, and indeed it seems to 
flourish throughout the sub-tropical zone in the eastern part of the Old 
World. Coffee, a very important substitute for tea in various countries, is 
more tropical in its habits than tea, but admits of great range artificially, 
while mate, or Paraguay tea, serves as the substitute in Brazil and many parts 
of South Ajnerica. 

The Vine is a plant which has been employed by man in the manufacture 
of a spirituous liquor from the very earliest period, and hag been so long 
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cnltiTated and so widely transported artificiallj, that its native station is not 
certunly known, nor can it be distinctly made ont, whether all the varieties 
now used (as many as 200 might be enumerated) have been derived origlmally 
from one or seveiul distinct species. 

We have already had occasion to speak of the limits of culture of the 
vine, which is regoiated mnch less by mean temperature than by summer 
heat, but it is chiefly the duration of me si&nmer mat influences the ripening 
of the fruit. Excellent wine is made with a mean temperature 6Cr Fah. 
and it is probable, that if damp and too much moisture are avoided, every 
greater heat wUl also succeed. Although the Old World is the nattural habitat 
of this plant, it has been introduced into America, and flourishes on both 
sides of that Continent, and in both iiie northern and southern hemisphere, 
wherever l^e limits of temperature and drvness are obtained. Its polar 
limits may be considered to be between 49^ and 55^ in the northern, and 
about 40^ in. the southern hemisphere. 

Ibbcuico, the Betel nut, and Opium are afi very important and veiy 
widely spread vegetable productions, used in various parts of the world for 
their stimulating and soothing properties. The former seems to have been 
known in China long before its mtroduction into Europe from America, and 
several species are determined rangmg even as far as 55^ N. lat. and grown 
very extensively in various parts or central Europe, while a large quantity is 
also cultivated m New Zealand. The largest quantity and best kinds of this 
plant ar e g rown in hot countries, espeoialfy in the tropical parts of America 
and the West Indian Islands. The betel nut, obtained from the Areca palm, 
and used with what is called the betel pepper, is employed in i^e same 
manner on the shores of eastern Asia, and m tne various islands of the Indian 
Archipelago. Opium, again, is very lai^ely used for similar pun>oses by the 
Turks, Malays, and Chinese. Some iaea, may be formed of the extent to 
which it is grown, from the fact that in fourteen years, from 1818 to 1831, 
above fourteen millions of pounds weight were conveyed into China through 
Canton alone, besides an enormous quantity consumed by the Malays, tne 
inhabitants of Cochin China and Siam, as well as India ana Persia. 

Plants used in Clothing. — ^Besides the food plants there are others 
also greatly modified by civilization, and conveyed by man to distant parts of 
the Earth, but only because from them he is enabled to derive a portion of 
the clothing which he requires to shelter him from cold, and enable him to 
withstand the rigours of winter in most parts of the Earth. The Cotton 
plant and JSemp are the plants most important in this respect — ^the former, 
however, being the most widely spread, and perhaps the most useful, is that 
which deserves chief attention. j!^ot only is the cotton plant cultivated in 
the tropical parts of every land of the Old and New Worla, but it extends far 
beyond the tropics even to countries whose mean temperature is not more 
than 62°, reachmg thus, the most southerly parts of Europe. The number 
of species of the tree is, however, large, and no doubt various species are 
indigenous in different localities. As to the ^uantiiy supplied, some idea may 
be formed from the statement that England is estimated to consume annually 
three hundred millions of pounds. 

The hemp is also a plant of vast importance, and although its growth is 
greatly extended by culture, there can be littie doubt that it is capable of 
much farther increase, if it were not that other plants in different countries 
supply the same material. Thus, in New Zeidand a large and handsome reed 
{I^hormium tenax) yields fibres capable of being spun into fine thread, and 
also made into the stoutest cables. 

135 General Considerations qf the Representation of Phmts in distant 
Botanical Centres,— The general laws of nature as derived from the observa- 
tion of a vast multitude of facts connected with the distribution of vegetables 
seem to h^—first, that certain districts originate distinct groups of plants 
which are capable of a wide range, although the actual extent 01 the range^ 
both in space and time, is dependent on various external circumstances. 
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Sach places are teclmioally called ' specific centres.' Secondly, tSiat in similar 
climates, whether in Ihe same hemisphere at the same level or otherwise, 
there are eitiier indiyiduals of the same species, if circumstances hare been 
favourable for their tran8jK>rt» or else that the species resemble each other 
so manifesdj, as to be m a proper and simple sense ' representatives.' 
Thirdly, that in places not separated in latitude by any distinct natural 
barrier, such as a lofty mountain chain or a broad tract of sea, and 
situated in very different cUmates, and in different latitudes, there is 
a graduated transition from the flora of one district to that of another, 
generic forms lingering much longer than specific, and whole families being 
rarely obliterated till after a long series of dianges. For places situated at 
very difierent levels the same observation is true, and the same law holds 
good, as is illustrated in the existence of palms and other tropical forms of 
vegetation far north and south of the tropics, on the one hand, and far above 
the ordinary Umits we might have anticipated (judging only by temperature), 
on the other. Fourthlif, that in spite of the usu^ absence of identical 
species in districts removed by a lofty chain of mountains, a broad tract of 
ocean, or a complete zone of temperature, there are some species which 
cannot at all be distinguished from each other in the floras of the arctic and 
antarctic zone — ^in those of Kew South Wales and north Europe, and in 
those of tropical AMca, Asia, and America. The rarity of such instances 
is not to be taken as any explanation or solution of the difficulty, for, if pos- 
sible, it adds to it, nor has anything yet been suggested which really and 
importantly bears on the true question at issue. GHie cases of exception to 
the general rule also are of a nature which rather increase the puzzle, 
since in large intermediate areas certainly capable of supporting a particular 
kind of vegetation, the expected plants are not found, notwithstanding that 
at the two extremities some common species appear. It is perhaps only 
when we study carefully the distribution in time, that these apparent 
anomalies cease, and resolve themselves into the working out of one far more 
general and important law, according to which the succession of races as weU 
as any single race is arranged, and me peopling of the world with an infinite 
but harmonious variety, which shall exhibit mutual relations throughout all 
time, is fully provided for. 

We have chiefly directed attention in these observations to the physio- 
gnomy of plants, but the study of their statistics would lead to the same or 
nearly the same conclusion, though perhaps by a different path. In what- 
ever way vegetation is considered, it is found to be distributed according to 
these or sinmar laws, and tending to bring out analogous results.* 



^ Of eomewhat more than 20,000 speeies of plants eatalogned in De G«ndolle*s Prodnmma, 
It appears that 3210 are European; 6004, Asiatic ; 8781, African; 2111, North American; 
•742, South American ; and 922, Australian, The island yesgetation in each case is Indaded in 
the list for the acUoining maf«*land. 
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CHAPTER XI. 
THE DISTEIBUTION OP ANIMALS IN SPACE. 

1 1S6. QrgaiiiMtion of animals. — 187. Claflsifleatkm of animals. — 188. Statistics of animals. •— 
139. Nature and degrees of resemblance amongst animals, and comparison of their stmc- 
tore. — 140. Natural grouping of animals in a Fauha. — 141. Distribution of the Faonas. — 
143. Aretio Fanna. — 148. Temperate Famias. — 144. Tropical Faunas. — 145. Special dis- 
tribution of Queuhrumaita. — 146. Distribation of Camivora. — 147. Distribution of Rodentia. 
— 148. Distribution ofRuminanHa. — 149. Distribution of Pachydermata, — 150. Distribution 
of the Edentata and MarntpiaUa. — 161. Distribution of Birds. — 152. Distribation of Rep- 
ft'fe*. — 158. Distribution of the Marina Vertebraia, —164, Distribation of the Artieulaia,^ 
156. Distribution 8f the MoOuiea and Radiaia, 

ORGANIZATION cf Animals . — Ammal life presents many points alto- 
gether peculiar, and exhibits forms of organization not less different 
from uiose afforded by plants than are seen in the latter when they are com- 
pared with inorganic siibstances. It wiU, therefore, be advisable briefly to 
consider the more essential of these before proceeding to the subject of the 
distribution of animals in space, and it is desirable to determine, as far as 
possible, the simplest forms of animal life, and their relations with organic 
matter of greater complexity, and with inorganic bodies. 

The greater part of the structure of animals consists of tissues, of which 
fibre is the elementary form. There are two kinds of fibre, muscular and 
nerrous, the one forming the flesh, and the other the brain, the spinal chord, 
and the nerves; and in the more highly organized forms several others occur, 
serving for various important purposes. In animals of less complicated 
structore, as in some of those called ' polypi,' and m infusorial animalcules, 
there are, however, myriads of individuals made up of nothing but cells in 
contact with each other. 

The structure of animals is, in all the higher groups, so manifestly different 
from that of vegetables, that it would seem superfluous to allude to the points 
of distinction. The old definition, that minerals increase only by mechanical 
additions, while vegetables live, and animals live and move, is not, indeed, 
sufficiently accurate, since plants are sometimes endowed with a kind of 
instinct, and an appearance at least of voluntary motion, and animals, on the 
contrary, are sometimes almost without either instinct or the power of moving 
at wHl. In proportion as we descend to the lower forms of each, and compare 
them together, we find the differences less marked, so that it becomes at 
length £fficult to pronoimce whether an object before us is animal or plant. 
Thus, the sponges nave so great a resemblance to some of the polypi, that 
they have generally been classed with animals. 

Animals and plants differ in the relative predominance of the elements, 
oxygen, carbon, hydrogen, and nitrogen, of which they are composed. In 
vegetables hardly a tr£se of nitrogen is found, except in seeds and some 
special products, but it enters largely into the composition of animal tissues. 

Another peculiarity of animals is the presence of limited cavities for the 
reception of certain important organs, such as the skull and chest in higher 
animals, and the abdomen in umost all. The possession of a digestive 
cavity involves marked differences between the two grand divisions of organic 
nature, for m plants the fluids absorbed by the roots are conveyed to the 
whole plant, by means of the trunk and branches, before thej can reach the 
leaves, where tney are to tmdergo a process analogous to digestion; while, 

z2 



340 PHYSICAL GEOGRAPHY. 

on ihe contrary, the food of all animals passes at once into tho digeetive 
cavity, and is there elaborated into fluids, which being afterwards eircolated 
through iJ^e bod^, are in a condition to be at once separated by the proper 
organs, and apphed to the required purposes of renovation or increase. 

Plants commence their existence usuijly from a seed, but admit also of 
increase by various means of mechaoical division, having reference in all cases 
to the original nature of leaves as individuals of compound bodies. 

Anim^ are developed from an egg, the animal germ being the result of 
successive transformations of the yolk, while nothing similar takes place in 
plants. The subsequent development of individuals is also different in the 
two kingdoms, as to method, lorm, and dimensions; the two latter varyiog 
during the whole life of the plant, but attaining a liiuit in the case of eaiA 
species of animal, especially m those of complicated organization. 

In the eflects they produce on the air there is also an important difleience, 
since animals consume oxygen and g^ve off carbonic acid gas, while plants 
reverse the process, absorbmg carbonic acid gas and giving off oxygen. If 
an animal, therefore, be confined in a small portion of air, or if of aquatic 
habits, in water containing air, this soon becomes so vij^iated by respira- 
tion as to be unfit to sustain life; but if Hving plants are connned widi 
the animal at the same time, the air is kept pure, and no difficulty is expe- 
rienced. This, at least, is the case by day, and the practical effect of the 
compensation is very important, vegetation restoring to the atmosphere what 
is consumed by animal respiration. 

Lastly, all animals have, more or less distinctly, voluntary motion and 
sensation, while plants, although endowed with a certain sensibility, appear 
to have neither true sensation nor actual volition. life in animais is 
manifested by two functions instead of only one, as in vegetables, and the 
organs of animal life which involve the possession of a certain amount of 
intelligence, relation, and selection, which enable us to approach at wHl our 
fellow-creatures, to perceive their existence and act acoordingly-^ are quite 
distinct from those which merely affect the functions of vegetaJble life, such 
as nutrition and reproduction. 

To understand the development of animals and the facts of chief impor- 
tance in their structure and mutual relations, we must consider a little their 
different organs and fimotions, and as the possession of a nervous system is 
at once the characteristic of aU animals, ana the function which, when present 
in its hi^^hest form, is the main cause of the vast difference of intellectual and 
reasonio^ power traceable between species and families, this must first be 
discussed. 

There appear to be in nature four principal types within which may he 
included au the varieties presented of this most important and essential 
characteristic of animal organization. These axe—Jlrst, that in which the 
nervous system is grouped into two principal masses, the brain and the cqpinal 
marrow ; secondly, where it is collected into a series of small ganglia, knots, 
or small brains of nervous matter, placed at intervals beneath me alimentary 
canal and connected by threads, and a somewhat larger ganglion placed 
above the oesophagus; thirdly, where the nervous matter is collected in a 
single gangliomc circle, the principal swellings of which are placed symmetri- 
calJy aoove and below the cesophagus, and whence the filaments which 
supply the organs in different directions take their origin; and fourtUv, 
where the nervous matter is distributed in a single ring encircliug the mouii, 
disposed in a horizontal position and in a starlike form. The first type 
includes all animals callea vertebrated, or h&ymg a back-bone; the second, 
the insects, crustaceans, and other animals, whose body is made up of rin^s or 
portions nearly detached; the third, all animals such as those inhahiiiiig 
univalve and oivalve shells, (the moUusks, or soft animals, as they are 
called ;) and the fourth, the star fishes and other radiated animals. 

The nerves, thus important in communicating to the animal all impres- 
sions from without, are usually so arranged as to render particular organs 
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acQtely perceptiTe to what are called the senses, which are recessed as five 
in number, under the names, si^ht, hearing, smell, taste, and touch. The 
impressions communicated in this way produce voluntary or inyoluntary 
results, chiefly acting on the other functions of the body, of which the organs 
of locomotion, or prenension, and of mastication and digestion, are the most 
pi^mment. 

Nutrition is a ftmction absolutely essential to the contmuance of life, and 
inrolyes a continual interchange of substances between the animal body and 
the external world. ' In early life, during the period of growth, tiie amount 
of substances received is greater than that which is lost. At a later period, 
when the growth is completed, an equilibrium is established between the 
matters received and those rejected; wnile at a still later period, the equi- 
librium is again disturbed; more is rejected than retained; decrepitude 
begins, and at last the organism becomes exhausted, the functions cease, and 
death ensues.'* 

The reproduction of animals is not less necessary for the continuance of 
the race than nutrition is for that of the individual. It is effected in plants, 
as we have seen,~by the modifications of what appears to be part of a simj^e 
body, but is really an individual member of a nighly complicated one. in 
animals it is almost universally accomplished by the association of individuals 
of two kinds, males snd females, each characterised bv peculiarities of structure 
and extermd appearance, and both necessary for the production and proper 
fertilization of the germ of the future indiviaual. 

All animals are produced from eggs, and when enveloped in this way are 
called embryos — ^the period passed in this condition being called the embryonic 
period. Eggs are usually oval or spherical in shape, and are contained in the 
body of the female in sacs called ovaries, being at that time of very minute 
size, and merely consisting of little cells containing what is called yolk or 
yolk-substance, with other similar cells, namely, the germinative vesicle and 
the germinating dot. 

The number of eggs is large in proportion as the animal is of lower organi- 
zation ; thus the ovary of a herring contains more than 25,000 e^gs, while 
that of birds does not contain more than one or two hundred, and me higher 
mammalia produce only one at a birth. 

At a certain period the eggs leave the ovary, and being fertilized are either 
discharged by the animal {laid), or else remain within the body till the young 
is fuUy developed. Animals in which the former habit is usual are called 
oviparous, while those which produce living young are said to be viviparous, 
or in some cases ovo^viparous. 

The formation and development of the young animal within the e^§^ is a 
most mysterious phenomenon, and the changes imder^one differ materially 
in tiie various natural groups of animals. In some animals, there are inter- 
mediate conditions between the embryonic and perfect state, but generally, 
and indeed invariably in the more highly organized groups, the young as it 
emerges from the egg, or is bom, possesses the external form and habits of the 
species. The metamorphoses in tne exceptional cases are sometimes extremely 
curious, and their cause very difficult to comprehend. 

137 Classificaium of Animals, — In considering the arrangements of the 
nervous system we have seen that four important distinctions can be drawn 
amongst animals, and these point to a natural division into four departments, 
which are generally called, respectively, I. Ybbtbbbata ; II. Abticxtlata ; 

III. MOLLUSCA; IV. EaDIATA. 

Of these the vertebrata are convenientiy grouped into four classes, which 
all have an internal skeleton with a back-bone for its axis. The classes are 
1. Mammals (animals which suckle their young); 2. Birds; 3. Reptiles; 
and 4. Fishes. These divisions are all so well known and so natural that they 



• Principles of Zoology, by Agassiz and Gould, (Boston, 1848,) p. 72. 
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require no special description, but their subdiyisions are also inq^ortaat. The 
most oonrement arrangement is perhaps the following : — 

GLASS MAUUATJA^ (QUADRUPEDS AND BIPEDS.) 



Obdxb« 
I. BiMAKA (two-handed) . . 
II. QuADBUMAHA (fowr-hcmded) 
ni. CHUtOFTEBA ( iSnper-iMi^ed) 
IV . iNBEcnvoBA {itisect-eoHng) . 
y. Plantigrade Cabnivoba 

VI. DiOITIGBADE CaBKIVOBA . 

Vn. Amfhibia (aquatic mafnmdU) 

VIII. RODENTIA {(^wing) . . . 

IX. RuMiNANTiA {rwninatvng) . 

X. Paohtdebhata {tkide-MMMd) 

XI. Edentata {toothieu) ^ . . 

XII. Mabsufiata (poucAfti) . . 



FiXAMPM. 

Man. 

Monkeys. 

Bats. 

Hedgeboff. 

Bear, Badger. . 

Oat, Lion. 

Whale, Porpoise, SeaL 

Rat, Hare, Squirrel. 

Ox, Sheep, Deer. 

Elephant, Rhinoceros, Pig, Horse. 

Sloth, Ant-eater, Annadillo. 

Opoflsom, Kangaroo. 



CLASS AVES, (BIRDS.) 

I. Rarobib (Jbirda of prey) . . . Vulturee, Hawks, Owls. 

II. SOANSOBES ((iUfnhen) Cuckoos, Woodpeckers, Goatsuckers. 

III. OsdNES (iongiters) Sparrows, Idnnets, Crows. 

IV. Galunacejs {gaUi'MbcewM birds) . Pheasants, Fowls, Pigeons. 
V. Gballatobes {toaders) .... Herons, Bitterns, Plovers. 

VI. Natatobes {smmmers) .... Geese, Divers, Gulls. 

CLASS REFTILIA, (REPTILES.) 

I. DiNosAURiA* Megaloiom'ua, Iguanodon, 

II. Enaliosavria* JchthyoBcmruSf PUnotaurui. 

III. Crooodilia Crocodiles. 

IV. Lacebtilia Lizards. 

V. Ptbrosauria* Pterodactyl. 

VI. Chklonia Tortoises, Turtles. 

VU. Ofhidia Serpents. 

Vin. Batbachia Frogs. 

CLASS PISCES, (FISHES.) 



I. Ganoid {bcoUs splendent) . . 

II. Placoid (scales plated) . . . 

III. Ctenoid Iscales oomb-si/uiped) . 

IV. Cycloid (scales circular) . . 



Sturgeon. 

Sharks and Rays. 

Perch. 

Cod, Herring. 



The Abticulata are divided oonveniently into three dasses— 1. Insects; 
2, Crustcuieans ; and 3. Worms, The Mollusca also into three — 1. CepAcUo- 
poda (having locomotive and prehensile organs ranged round the mouth) ; 
2. Oasteropoda (creeping oir a flattened disc or foot) ; 3. Acepkala (having 
no distinct head, and enclosed in a bivalve shell). The Eadiata again 
are divided into three classes — 1. Eehinoderms (bearing spines on the 
external surface, like the sea-urchins) ; 2. Acalepke (jelly-fish, often stinging 
like nettles, as the medus®) ; 3. Pohfps (fixed Bke ^ants, and with a series 
of flexible arms round the mouth — oft^ compound). The ^rther subdivisions 
it is not necessary here to discuss. 

The technical or natural history names of animals, as of plants, are 
composed of two terms, one generic, iaduding a considerable variety of 
structure united bj some marked and important characteristics, and the 
other specific or tnvial, forming an adjective or qualifying addition to the 
generic designation. Several genera combined together (possessing some 
characters in common) are called a yirmt^s^— families are combined to form 



* Those orders and genera of which the names are printed in italics, are not now represented 
on tbe Earth by any esLUng species. 
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wrders, and orders form classes; tho yarions diyisions corresponding to 
which names we have already enumerated in the preceding page. 

Since the specific name is the ultimate point to which we arrive in classi- 
^ring, it is important that every one should have a clear idea on this subject. 
A Genus is generally founded, on some distinct peculiarities of anatomical 
structure ; such as (in the case of a Vertebrate) the number, disposition, and 
proportions of the teeth, claws, fins, &c.; while a Species depends on characters 
which are sometimes external, sometimes apparency trivial, but which are 
always supposed to be sufficiently real to prevent accidental admixture of race. 
There is also recognised another and a lower distinction, that of Variety, which, 
unlike Species, includes apparent and possible mixtures of race. It has been 
usual to consider that nature has set a broad and marked barrier between 
species, not allowing of any infraction, but this appears to be in reality a some- 
what arbitraiy assumption, although there is no doubt that the production of 
varieties from what are generally regarded as distinct specieeTis rarely effected, 
except under the influence of extraordinary external circumstances.* 

The real difficxdty in the case of ammals, as in plants, arises fi*om an 
occasional interference with what appears at first to be an universal law, that 
of the production of similar types in parts of the Earth widely removed, but 
of similar climate. We shall nave occasion to revert to this part of the subject. 

We quote the following from the introduction to a work already referred 
to (Agassiz and€rould*s Principles qf Zoology) as fitly concluding this section, 
by stating what is most required of the elements of Zoology for the purposes 
or Physical Geography : — 

' For each of these groups, whether larger or smaller, we involuntarily 
picture in our minds an image made up of the traits which characterise the 
group. This ideal image is called a Type, a term which there is frequent 
occasion to employ in speaking of the Animal Kingdom. This image may 
correspond to some one member of the group, but it is rare that any one 
species embodies all our ideas of the class, family, or genus to which it belongs. 
Thus we have a general idea of a bird, but this idea does not correspond to 
any particular bird, or any particular character of a bird. It is not precisely 
an ostrich, an owl, a hen, or a sparrow ; it is not because it has wings, or 
feathers, or two legs ; or because it has the power of fiight, or builds nests. 
Any or all these characters would not fully represent our idea of a bird, and yet 
every one has a distinct ideal notion of a bird, a fish, a quadruped, &c. It is 
common, however, to speak of the animal which embodies most fully the 
characters of a group as the type of that group. Thus we might, perhaps, 
regard an eagle as the type of a bird, the ducJc as the iype of a swmmiing- 
bird, and the mallard as the type of a duck.' 

138 Statistics of Animals, — ^It is not possible to appreciate the importance 
of the subject we are now considering, either with reference to the grand 
features of general Zoology, or the details concerning the distribution of 
animals, without some re^rence to actual statistics. It is not enough to 
regard nature generally with admiration, or even to study carefully some 
detached points^we must also become acquainted with the extent of material 
for observation and learn the true spirit that animates the whole. ' We must 
acquire a proper conception of the varied affinities which combine beings 
together, so as to make of them that vast picture in which each animal, each 
group, each class has its place, and from which nothing could be removed 
without destroying the proper meaning of the whole.' 

It is only within a short time that Zoology has so far extended itself as to 
become fairly beyond the grasp of any single individual. A century ago, the 
number of known animus did not exceed 8000, and thus fewer species 
were known in the whole Animal Songdom than are now contained in many 
private collections of certain famihes ofinsects merely. 



* This sul^ect will be found considered in fbrther detail in paragraph 166 in the chapter <m 
Ethnology. 
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The nmnber of vertebrate aniinalfl may now be estimated at 20,000« Of 
these there are about 1500 species of mammals pretty precisely known, and 
the number may probably extend to 2000. 

There are about 4000 or 5000 species of birds well known, and the probable 
number is 6000. 

The number of reptiles is about the same as that of mammals — ^namely> 
about 1500 deseribed apecies, and 2000 in all. 

The fishes are more numerous. The number in the museums of Europe 
are about 5000 to 6000 species, but the total number may extend to 10,000. 

The inyertebrata are much more numerous. Of MoUusca there are pro- 
bably from 8000 to 10»000 species in collections. There are collections of 
marine shells, biyalye and imivalye, which amount to 5000 or 6000, and 
oolleotions oi land and freshwater shells extending to 2000 species. The 
total number of mollusks may probably exceed 15,000 species. 

Among the Articulata it is difficult to estimate the number of species. 
There are collections of coleopterous insects which number &om 20,000 to 
25,000 species, and it is quite probable that by uniting the principal collections 
60,000 or 80»000 species might now be counted. Por the whole department 
of Artioulata« comprising the Crustacea, cirrhipeda insects, red-blooded worms, 
intestinal worms, and infusoria, so far as they belong to the department, the 
number would already amotuxt to 100,000, and may be safely estimated as 
reaching double that sum. 

The Kadiata, including the echini, starfishes, medusa, and polyps, cannot 
be estimated at less than 10,000 species. We may thus present the following 
tabular riew. 



Known. Estimated. 



Mammals 


• •• 


... 1,500 


■ • • 


2,000 


Bird« 


• •• 


... 5,009 


• •• 


6,000 


Batiks ... 


«•• 


... i>5oa 


• •• 


2,000 


Fishes 


• • • 

rerie 


... 6,000 


• ■ • 

• •• 


10,000 


Totals 


brata ... 


••« ««• 


Hollusca ... 


• • • 


• • • « ■• 


• •« 


•« • •«• 


Articulata. ... 


• • • 


••« ••< 


• • • 


• • • • •• 


Eadiata 


• • • 


• • • •• • 


• • • 


• •• • • • 



Known 

number of 

i^eoles. 



Estimated 

numb^Of 

spedei. 



14,000 
10,000 
100,000 ' 
10,000 


20,000 

15,000 

200,000 

10,000 


131,000 


200,000 



Orand total 

This large number of species of animals mtist be still further increased, 
and perhaps even doubled, if we include also those no longer represented/ 
but whose remains are preserved to us in the strata of l^e Earth's ofust. 
These will, however, require separate consideration. 

139 Nature and degrees of Itesemhlanee amongst AnimaU, and Ohh-i 
parUon of their Structure. — There is no subject more imp<»tant to i^e'geflte^ 
student of natural history, and there is none which has more worthily oecnipded 
the attention of the best and most ^ulosophio naturalists, than- 1^' true 
nature of those resemblances which are presented everywhere in seatttfe,' 
which evidently have important meaning, but which, wheR made use i^^ as^ 
so likely to lead their pursuer into error, that they are the very pk^dif^ -mi'' 
which the greatest and most mischievous mistakes have been made^'- "Wei^" 
must endeavour here to make the reader acquainted wit^ some of the skn^r 
meanings of homology, analogy, and affimty, as they are required %(y* be 
understood in considermg the custribution of animals. ^ - . '^ 

Analogy and homology are relations of simple resemblance in portiona^tiie * 
living framework without reference to identity of race, while affinity is st^^attcit' 
obtaining between the corresponding parts of animals of the saane fttoe^^-^nd 
thus, at the outset, there are mtiportant and real distinctions to be recOgfiiied. 
But there is more than this, and tnere are also important distmctions to be ^EawfH 
between the former terms. An analogue has been defined to be ' a part or organ: 
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in one animal wMcli lias the same function, or does the same work m another 
part or organ in a different animal;' while a homologue is ' the same organ in 
different animals under every variety of form and function/ It will not be 
difficult to xmderstand, from these dennitions, something of the true meaning 
of the words on which so much stress has been laid, but a few examples will 
rraider their use still more clear. 

In a very general way we may show this, by considering the nature of the 
wings by which various animals fly, the legs or arms which others use for 
walking and running, and the fins by means of which fishes swim — ^in a word, 
of the organs of locomotion. There is analogy between the wing of a 
butterfly and that of a bird, for both of them serve for flight, but they are 
not homologous, since a different organ is employed. On \he other hand, 
the fore leg of a quadruped is homologous to the wing of a bird, but not 
strictly analogous, for the same organ is employed, but the same purpose is 
not attained. Thus, also, the fin of a porpoise is homologous to the nn of a 
fish, being at the same time analogous, since both are employed in swimming, 
and both are modifications of the same organ. 

Affinities are different, and indicate closer relations. Thus, there is affinity 
between the leg and foot of a man and the paddle of a seal, for both are 
constructed on the same plan, and tho affinity in this case is flur more 
important than the analogy and homology that exist between seals and fishes, 
in their structure and habits. Affinities, rather than antJogies and homologies,- 
are therefore most useful in guiding us in the arrangement of animals. 

Eesemblances are traced not only in the psffts of the individual or 
species, but in general external character, with regard to genera and larger 
groups. Usually we may consider, that in any natural arrangement, such as 
we have endeavoured to give, there will be resemblances of affinity between 
all species collected together in any groups whether large or small^that, in 
other words, all animals in the first place — ^all vertebrata in the next — all 
mammals in the third — all monkeys in the fourth — ^and all baboons in the 
fifth place, have different degrees of affinity, gradually becoming oloser as the 
number of species included is smaller. On the other hand, there will be 
analogy between some vertebrata and some mollusca or articulata, between 
carnivorous quadrupeds and birds of prey, between different tribes of car- 
nivora and so on ; and thus* each natural groun of organic beings will present 
resemblances of different kinds, which must be estimated, eacn according to 
its true vahie, in any general view of the whole Animal Xingdom. 

It is important also to remember, that investigations concerning the true 
nature and relations of animals should not be limited to the adult, but extend 
over the whole course of development. If this is not done> some peculiarities. 
of structure which are predominant at one period of life, will be exaggerated 
in importance, and others neglected. Thus, the organs of respiration, which 
apuear to be most essential characters for classification, if we regard only the 
fau-grown animal, are found, on examining and comparing their various states 
in the same individual, to be quite subservient to the nervous system. The 
comparative study of development is also not less valuable, as a means of 
estimating the relative position of animals. Thus, the caterpillar, in becoming a 
butterfly, passes firom a lower to a higher development, and therefore, those 
animals, such as worms, which reeemble the caterpillar, must occupy a lower 
rank than those approaohing the butterfly. 

All anunala undergo changes, or metamorphoses, during the earlier period 
of their existence, although in many cases^ especially in those of highest grade, 
these take place before birth, and during the embryonic period. It is only 
by eoxAeetrng ih» two kinds of transfonmation — ^namely, those that take place ' 
before and those after birth, that we ax e fiimished with means of ascertaining 
the relative perfection of animals ; so that, in fact, such transformations 
beeome a ntUinral li^ey to the gradation of types. I^o one can properly 
appx<efiiate the structure of animalfl and the difference of races, or com* 
prohpud, even in a very inferior degree, the law that governs the placing of 
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groups in certain districts, adapts them a certain climate and certain food, 
and enables them to resist certam changes, without knowmg something of the 
nature of analogy and affimty, and the changes of structure that take place in 
the individual and the species, in passing tmrough all the various forms of its 
existence, as an organized being. 

140 Natural Grouping cf Animals in a ' Fauna.* — The collection of 
ftT>iTttfi.] fl inhabiting any particular region, induding all the species, botix 
aquatic and terrestrial, is called its Mtuna, just as me plants of a country 
combine to form its Flora. It is not necessary that ever^ species should be 
peculiar, only there must be some special distribution of mmilies, genera, and 
species, and a preponderance of certain types, sufficiently important and 
pronunent to impress upon the group well-marked features. Thus, the fauna 
of New Holland is characterised oy Hie existence there of tribes of quadrupeds 
of the Marsupial order, that of South America by Edentaia, The polar 
bear and reindeer are characteristic of the arctic regions of the Earth, and 
certain peculiarities of structure m monkeys at once distinguish the faunas 
of Asia and America, in those parts where monkeys appear. 

As animals feed either on other animals, or on vegetables, it is evident 
that, ultimately, the distribution of animals will depend on vegetable life. 
Thus, there anses a relation between the fauna of a locality, its Simate, and 
its flora; but although this is certainly very important, it must not be 
forgotten that while plants chiefly inhabit land, animals range far more 
widely, and exist to such an extent m water, that it has been even said, that 
the ocean is the true home of the Animal Kingdom, and this is certainly the 
case in those extreme latitudes where vegetable life entirely ceases, and 
where the sea teems with animals of all classes and all dimensions. The chief 
influence of extreme cold seems to be to render more uniform the distribution 
of species, so that many of the large quadrapeds, for example, are common to 
Europe, Asia, and America, within certain high latitudes, while the faxmas of 
tropical Asia are totally distinct from those either of tropical AMca, or tropical 
America. A wide tract of deep sea, and the existence of broad desert tracts, 
loilv moimtains, and distinct zones of climate on land, limit Faimas very 
strixingly, as we find on comparing the productions of tilie Cape of Good 
Hope with those of Gape Horn, and this is even the case when latitude and 
climate are very nearly similar. The depths of the ocean are, indeed, qiiite 
as impassable for marine species as nigh mountains are for terrestrial 
animals, and it would be as difficult for a fish or a moUusk to cross firom the 
coast of Europe to that of America, as it would be for a reindeer to pass 
from the arctic to the antarctic regions across the torrid zone. It is pro- 
bable that the deepest parts of the ocean are absolutely untenanted, for there 
seem there no means of subsistence, and few animals are organized so as to 
resist the pressure of a column of water many thousand fathoms in height. 

The animal inhabitants of the sea are, therefore, as strictly limited to 
districts as those of the land ; and as b^ far the larger proportion depend on 
the adjacent shores more or less for their means of existence and their shelter 
from natural enemies, no doubt the limits of the marine are less easily 
defined than those of terrestrial Faunas, but still marked diflerences are 
discernible, while freshwater species vary, not only in diflerent zones, but 
even in the rivers and lakes of tne same district. 

The ran^e of species does not depend on powers of locomotion, but on the 
contrary, animals which move slowly and with difficulty, generally have a 
wide range, while those which are active are often very narrowly limited. 
Thus, the common oyster extends on the American coast from Cape Cod 
to the Carolinas, and is, as we know, also common over a long line of coast on 
this side of the Atlantic, so that its range is absolutely very great i and when 
compared to that of some fleet animal, as the moose, appears enormous. It is 
indeedpossible that the very want of power to trav5 really contributes to 
the diflusion of this and some other species, since when once removed they 
cannot return, and their eggs being left to the mercy of marine currents, may 
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be drifted rery far, while fishes depositing their spawn in sheltered bays and 
inlets, are secured from wide dispersion. 

The nature of tibeir food has an important bearing n^n the grouping of 
animals, and upon the extent of their diatribution. Uamiyorous animals are 
generally less confined in their range than herbiyorous ones, because their 
H>od is almost ever3rwhere to be found. The herbiyora, on the other hand, 
are restricted to the more limited regions corresponding to the different zones 
of yegetation. The same remark may be made with respect to birds. Birds 
of prey, like the eagle and yulture, haye a much wider range than the 
graniyorous and gallinaceous birds. Still, notwithstanding the facilities they 
haye for change of place, eyen the birds that wander wic&st recognise limitia 
which they do not oyerpass. The condor of the CordiLLeraa does not descend 
into tiie temperate regions of the United States ; and yet it is not that he 
fears the cold, since he is frequently known to ascend eyen aboye the highest 
summits of the Andes, and disappears from yiew where the cold is most 
intense. Nor can it be from lack of prey. 

Finally, to obtain a true picture of tne zoological distribution of animals, 
not the terrestrial t3rpes alone, but the marine species, must also be included. 
Notwithstanding the uniform nature of the watery element, the animals which 
dwell in it are not dispersed at random, and though the limits of the marine 
Taay be less easily defined than those of the terrestrial fauna, still marked 
differences of the animals in the g^eat basins are not less obseryable. Pro- 
perly to apprehend how marine animals may be distributed into local faunas, 
it must be remembered that their residence is n<^ in the high sea, but alon£ 
the coasts of continents and on soundings. It is on the bauKS of Newfoun£ 
land, and not in the deep sea, that the great cod fishery is carried on ; and it 
is well known that when fishes migrate, they take care to run along the 
shores. The range of marine species being therefore confined to the yicinity 
of the shores, theur distribution must be subjected to laws similar to those 
which regulate the terrestrial faunas. As to the fresh-water fishes, not only 
do the species yary in the different zones, but eyen the different rivers of the 
same region haye species peculiar to them, and not found in neighbouring 
streams. 

A yery infiuential cause in the distribution of aquatie animals is the depth 
of the water. The mollusks, and eyen the fishes found near the surmce 
between high and low water, differ, in general, from those Hying at the depth 
of twenty or thirty feet, and these agam are found to be different from those 
which are met with at a greater depth. Their colouring in particular yaries 
according to the quantity of light they receiye, as has a£o been shown to be 
the case with the marine plants. 

It is sometimes the case that one or more animals are found upon a 
certain chain of mountains and not elsewhere ; as for instance, the mountain 
sheep npon the Eocky Mountains, or the chamois and the ibex upon the 
Alps. The same is also the case on some of the wide plains or prairies. This, 
howeyer, does not entitie such regions to be considered as haying an 
independent faxma, any more than a lake is to be redded as haying a 
peculiar fauna exclusiye of the animals of the surroundmg country, merely 
Because some of the i^eeies found in the lake may not ascend me rivers 
empt^g into it. It is only when the whole group of animals inhabiting 
a region has such peculiarities as to give it a distinct character, when 
contrasted with animals found in surrounding regions, that it is to be 
regarded as a separate fauna. Such, for example, is the fauna of the great 
st^pe or plain of Gobi, in Asia, and such also that of the chain of the 
SocKy Mountains may prove to be when the animals inhabiting them are 
better known. 

The migration of animals might at first seem to present a serious difficulty 
in determining the character or the limits of a fauna ; but this difficulty 
ceases, if we regard the country of an animal to be the place where it makes 
its habitual abode. As to birds, which of all animals wander the farthest, it 
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may be laid down as a nQe that they belong to the zonf m whieh t^^y breed. 
Thus the gulls, many of the dncks, mergansers, and divers, belonging to the 
boreal regions, thongh they pass a portion of the year with ns. On the other 
hand, the swallows and martins, and many of the gallinaceous birds, belong 
to the temperate fannas, notwithstanding that they migrate dnring winter 
to the confines of the torrid zone. This rme does not apj^y to the fishes who 
annually leave their proper home and migrate to a distant region, merely for 
the purpose of spawning. The salmon, for example, comes down firom the 
north to spawn on the coasts of Maine and Nova Scotia. 

Few of the mammals, and these mostly of the tribe of Bodents, make 
extensive migrations. Among the most remarkable of these are the IKamts- 
chatka rats. In spring they direct their course westward in immense troops, 
and after a very long journey, return again in autumn to their quarters, when 
their approach is anxiously awaited by the hunters, on aeoount of the fitne 
furs to be obtained from the numerous camivora which always follow in their 
train. Ihe migrations of the lemmings are marked by the aevastations they 
commit along their course, as they come down from the borders of the Frozen 
Ocean to the valleys of Lapland and Norway ; but their migrations are not 

periodical. 

141 Distribution of the Faunas, — We have stated that all the faunas of 
the globe may be divided into three departments, corresponding to as many 
great chmatal divisions — ^namely, the glacial or arctic, the temperate, and the 
tropical faunas. These three mvisions appertain to both hemispheres, as we 
recede from the equator towards the nortn or south poles. It will hereafter 
be shown that the tropical and temperate faunas may be again divided into 
several zoological provinces, depending on longitude or on the peculiar 
configuration of the continents. 

No continent is better calculated to give a eorreot idea of distribution into 
fkunas as determined by climate than the continent of America, extending 
as it does across both hemispheres, and embracing all latitudes, so that all 
climates are represented upon it. 

Let a traveller embark at Iceland* which is situated on the borders of the 
polar circle, with a view to observe, in a zoological aspect, the principal 
points along the eastern shore of America. The result of his observation 
will be very much as follows. Along the coast of Greenland and Iceland, 
and also along Baffin's Bay, he will meet with an unvaried fauna com- 
posed of animals which are, for the most part, identical with those of the 
arctic shores of Europe. It will be nearly the same along the Labrador 
coast. 

As he approaches Newfoundland, he will see the landscape, and with it 
the fauna, assuming a somewhat more varied aspect. To the wide and naked, 
or turfy plains of the boreal regions succeed lorests in which he will find 
various animals which dwell omy in forests. Here the temperate fistuna 
commences ; still the number of species is not yet very considerable ; but as 
he advances southwards along the coasts of Nova Scotia and New England, 
he finds these species gradually increasing, while those of the cold regions 
diminish, and at leuj^h entirely disappear, some few accidental or periodical 
visitors excepted, who wander durinc winter as far south as the Garolinas. 

But it is after having passed the boundaries of the United States, among 
the Antilles, and more especially on the southern continent along the shores 
of the Orinoco and the Amazon, that our traveller will be forcibly struck 
with the astonishing variety of the animals which people the forests, the 
prairies, the rivers and the sea shores, most of which he will also find to be 
different from those of the northern continent. By this extraordinary rich- 
ness of new forms he will become sensible that he is now in the domain of 
the tropical fauna. 

Let him still travel on beyond the equator towards the tropic of Capricorn, 
and he will again find the scene change as he enters the regions where the 
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sun oasts his rays more obliquely, and where the contrast of the seasons is 
more marked. The vegetation will be less luxoriant, ^e palms will have 
disappeared to make place for other trees, the ammals will be less varied, and 
the whole picture will recal to him» in some measure, what he witnessed in 
the United States. He will again find himself in the temperate regions, and 
this he will trace on, till he arrives at the extremity of the contment^ the 
faana and the flora becoming more and more impoverished as he approaches 
Cape Horn. 

Finally, we know that, there is a continent around the South Pole. 
Althoni^h we have as yet but verv imperfect notions respecting the animals 
c£ this inhospitable cHme, still the few which have already been observed 
there, all present a dose analogy to those of the arctic region. It is another 
glacial fauna — ^namely, the antarctic Having thus sketched the general 
distribution of the fauna, it remains to point out the principal features of each 
of ihem* 

142 ArcUe J^aima.— The predominant feature of the arctic fauna is its 
uniformity. The species are few in number^but, on Ihe other hand, the 
number of individuals is immense; we need only refer to the clouds of birds 
which hover upon the islands and shores of the north : — ^the shoals of fishes — 
the sahnon amongothersy which throaig the coasts of Greenland, Iceland, and 
Hudson's Bay. The same uniformity appears in the form and colour of the 
animals. There is not a single bird of brilliant plumage, and not a fiph with 
varied hues. Their forms are re^ar, and^ their tints as dusky as the 
ncorthern heavens. The most conspicuous animals are the white bear, the 
moose, the rein>deer, the musk ox, the white fox, the polar hare, the lemming, 
and various seals, but the most important are the whales, which it is to be 
remarked rank lowest among the mammals. Among the birds may be 
enumerated some sea-eagles and a few waders, with an Immense number of 
other aquatic s^jecies, such as gulls, cormorants, divers, petrels, ducks, geese, 
J^., all belonging to the lowest order of birds. Beptiles are altogether 
wanting. The Articidata are represented by numerous marine worms, and by 
miaiute crustaceans of the orders Isopoda and Amphipoda. Insects are rare 
and of inferior tvpes. Of the type of MoUusks, there are Acephala, particu- 
larly Tunicata, fewer Gasteropods, and very few Cephalopods. Among the 
IBaaiata are a great nimiber of jelly-fishes, particularly the Beroe ; and to 
conclude with the Echinoderms, there are several star-fishes and Echini, but 
few HolothurisB. The class of Polypi is very scantily represented, and those 
producing stonv corals are entirely wanting. 

This assemolage of animals is evidenuy inferior to the other faunas, 
especially to those of the tropics. Not that there is a deficiency of animal 
hfe ; for if the sfjecies are less numerous, there is a compensation in the 
multitude of individuals, and also in this other very significant fact, that the 
hu^est of all animals, the whales, belong to this fauna. 

It has already been said that the arctic fauna of the three continents is 
the same ; its southern limit, however, is not a regular line. It does not 
correspond precisely with the polar circle, but rather to the isothermal zero, 
that is, the line where the average temperature of the year is at 32° of 
Fahrenheit. The course of this Ime presents numerous undulations. In 
geueral, it may be said to coincide with the appearance of trees, so ihat it 
passes where forest vegetation succeeds the vast arid plains, the barrens of 
North America, or the tundras of the Samoyedes. The uniformity of these 
plains involves a corresponding uniformity of plants and animals. On the 
North American continent, it extends much farther southward on the 
eastern shore than on the western. From the peninsula of Alashka it bends 
northwards towards the Mackenzie, then descends again towards the Bear 
Lake, and comes down to near the northern shore of Newfoundland. 

143 Temperate Fatmas. — The faunas of the temperate regions of the 
northern hemisphere are much more varied than that of the arctic zone. At 
its northern margin, the leaves, excepting those of the pines and spruces, fall 
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on the approach of the cold season, and Vegetation is arrested for a longer or 
shorter period. Insects retire, and the aniTnals which liye upon them no 
longer find nonrishment, and are obliged to nngrate to warmer regions, on 
theoorders of the tropics, where on the ever verdant vegetation thej find 
the means of subsistence. 

Some of the herbivorous Mammals, the bats, and the reptiles which feed 
on insects, pass the winter in a state of torpor, firom which they awake in 
spring. Otners retire into dens, and live on the provisions they have stored 
up during the warm season. The Camivora, the Kuminants, and the most 
active portion of the Eodents, are the only animals that do not change either 
their abode or their habits. The fauna of the temperate zone thus presents 
an ever-changing picture, which may be considered as one of its most 
important features, since these changes recur with equal constancy in the 
Old and the New World. 

Taking the contrast of the vegetation as a basis, and the consequent 
changes of habit imposed upon the denizens of the forests, the temperate 
fauna has been divided into two regions, a northern one, where the trees, 
except the pines, drop their leaves in winter, and a southern one, where they 
are evergreen. Now as the limit of the former, that of the deciduous trees, 
coincides, in general, with the limit of the pines, it may be said that the cold 
region of tiie temperate fauna extends as far as the pdnes. In the United 
States this coinciaence is not so marked as in other re^ons, inasmuch as the 
pines extend into Morida, while they do not prevail m the western states ; 
out we may reckon as belonging to the southern portion of the temperate 
region, that part of the country south of the latitude where the Palmetto or 
Cabbage tree {Chamarops) commences, nearly all the states to the south, of 
North Carolina ; while the states to the north of this limit belong to the 
norlliem portion of the temperate region. 

This envision into two zones is supported by observations made on the 
maritime faunas of the Atlantic coast. The line of separation between them, 
however, being infiuenced by the Gulf Stream, is considerably farther to the 
north ; — ^namdy, at Cape Cod. It has been ascertained, that of one hundred 
and ninety-seven MoUusks inhabiting the coast of New England, fifty do not 
pass to the north of Cape Cod, and eighty-three do not pass to the south of 
it; only sixty-four being common to both sides of the Cape. A similar 
limitation of the range of fishes has been noticed by Dr. Storer, and Dr. Hoi- 
brook has found the fishes of South Carolina to oe di£ferent from those of 
Florida and the West Indies. In Europe, the northern part of the temperate 
region extends to the Pyrenees and the Alps ; and its southern portion con- 
sists of the basin of the Mediterranean, together with the northern part of 
Africa, as far as the desert of Sahara. 

A peculiar characteristic of the faunas of the temperate regions in the 
northern hemisphere, when contrasted with those of the southern, is the great 
similarity of the prevailing types on both continents. Notwithstandin/v the 
immense extent oi country embraced, the same stamp is everywhere exhibited. 
Generally the same families, frequently the same genera represented by 
different species, are found. There are even a few species of terrestrial 
animals regarded as identical on the continents of Europe and America, but 
their supposed number is constantly diminished, as more accurate observations 
are made. The predominant iypes among the Mammals are the bison, deer, 
ox, horse, hog, numerous Eodents, especiaQy squirrels and hares, nearly all 
the Insectivora, weasels, martins, wolves, foxes, wild cats, &c. On the other 
hand, there are no Edentata, and no Quadrumana, with the exception of some 
monkeys on the two slopes of the Atlas. Among birds there is a multitude of 
climbers, passerine, gallinaceous, and rapacious birds. Of reptiles there are 
lizards and tortoises, of small or medium size, serpents, and many batrachians, 
but no crocodiles. Of fishes there is the trout family, the cyprmoids (carps), 
the sturgeons, the pikes, the cod family, and especially tne great family 
of herrings and scomberiods, to which latter belong the mackerel and the 
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tunny. All classes of the MoUusks are represented ; though the Cephalopoda 
are less numerous than in the torrid zone. There is an infinite number of 
Articulata of every type as well as numerous Folj^ps, though the true corals do 
not appear abundantly. 

On each of the two continents of Europe and America, there is a certain 
number of species which extend from one extreme of the temperate zone to 
tiie other. Such, for example, are the deer, the bison, the cougar, the flying 
squirrel, numerous birds of prey, several tortoises, and the rattlesnake in 
America; and in Europe the brown bear, wolf, swallow, and many birds of prey. 
Some species have a still wider range, like the ermine, which is found from 
Bhering's Straits to the Himalayan Mountains, that is to say, from the coldest 
regions of the arctic zone, to the southern confines of the temperate zone. It 
is the same with the musk-rat, which is found from the mouth of Mackenzie's 
River to Florida. The field mouse has an equal range in Europe. Other 
species, on the contrary, are limited to one region. The Canadian elk is 
confined to the northern ^rtion ; and, on the other hand, the prairie wolf, 
the fox-squirrel, the bassans, and numerous birds, never leave tne southern 
portion.* 

In America, as in the Old World, the temperate fauna is fiirther subdi- 
vided into several districts, which may be regarded as so many zoological 
provinces, in each of which there is a certain number of animals difiering from 
those in the others, though very closely allied. Temperate America presents 
us with a striking example in tnis respect. We have, on the one hand — 

I. The &ima of the Umted States, properly so called, on this side of the Rocky 
Mountains. 

II. The fiitma of Oregon and Oalifomia, beyond those mountaing. 

Though there are some animals which trayerse the chain of the Rocky Moontains, 
and are found in the prairies of the Missouri, as well as on the banks of the Columbia, 
as tor example, the Rocky Mountain deer (AfUUope furcifer,) yet if we regard the 
whole assemblage of animals, they are found to difier entirely. Thus, the rodents^ 
part of the ruminants, the insects, and all the mollusks, belong to distinct species. 

The &unas or zoological provinces of the Old World which correspond to these are — 

I. The &una of Europe, which is very closely related to that of the United States 
proper. # 

II. The fauna of Siberia, separated from the fauna of Europe by the Ural 
Mountains. 

m. The &una of the great Asiatic table-land, which, from what is as yet known 
of it, appears to be quite distinct. 

IT. The &una of China and Japan, which is analogous to that of Europe in the 
birds, and to that of the United States in the reptiles, as it is also in the flora. 

IdtsUy, it is in the temperate zone of the northern hemisphere that we meet with 
the most striking examples of those local &unas which have been mentioned above. 
Suchy for example, are the &unas of the Caspian Sea, of the Steppes of Tartary, and of 
the Western Prairies. 

The faunas of the southern temperate regions differ from those of the 
tropics as much as the northern temperate munas do ; and like them, also, 
may be distinguished into two provmces, the colder of which embraces 
Patagonia. But, besides differing from the tropical faunas, they are also 
quite dissimilar to each other on the different continents. Instead of that 



* The types which are peculiar to temperate America, and are not found in Euroiw, are, 
the opossmn, several genera of insectivora* among them the shrew-mole, (Scalops aquaticus,) 
and the star-nose mole, (Ck>ndyltira ciistata,) which replace the mygale of the Old World ; 
several genera of rodents, espedally the musk-rat. Among the types characteristic of America 
most also be reckoned the snapping-tnrtle among the tortoises; the menobranchus and 
menopoma among the salamanders ; the garpUce and amia among the fishes ; aud, finally, 
among the cmstacea, the llmulns. Among the types which are wanting In temperate Americi, 
and which are found in Europe, may be cited the horse, the wild boar, and the true mouRo. 
All the spedes of domestic mice which live in America have been brought firom the Old World. 
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general resemblanoe which we have noticed between all the fiiumas of the 
temperate zone of the northern hemisphere, we find here the most com- 
plete contrasts. Each of the three continental peninsnlas which jut oat 
southerly into the ocean represents, in some sense, a separate world. 
The <tniTnft.l« of South America, beyond the tropic of Capricorn, are in all 
respects different from those at the southern extremity of Africa. The 
hyenas, wild boars, and rhinoceroses of the Cape of Good Hope have no 
analogues on the American continent ; and the difference is equally great 
between the birds, reptiles, and fishes, insects and moUusks. Among the most 
characteristic f^pimftia of the southern extremitr of America are peculiar 
species of seals, and especially, among aquatic birds, the penguins. 

New Holland, with its marsupial mammals, with whi(3i are associated 
insects and mollusks no less singular, famishes a fauna still more peculiar, 
and which does not approach those of any of the adjacent countries. In the 
seas of that continent where everything is so strange, we find the curious 
shark, with paved teeth and spines on the back (Cestracion FhHippi), the only 
living representative of a family so numerous in former zoological ages. Bat 
a most remarkable feature of mis fauna is, that the same types prevail over 
the whole continent, in its temperate as well as its tropical portions, the 
species only being different at different localities. 

144 TSropieafjFaunM. — ^The tropical faunas are distinguished On all the 
continents by the immense variety of animals which they comprise, not less 
than by the orilliancy of their coverings. All the principal types of animals 
are represented, and all contain numerous genera and species. We need only 
refer to the tribe of humming-birds, which numbers not less than 900 species. 
But what is very important is, that here are concentrated the most perfect 
and a\ao the odaest types of all the classes of the Animal Kingdom. The 
tropical region is the only one occupied by the quadrumana, the herbi- 
vorous bats, the great pachydermata, such as the elepnant, the hippopotamus, 
and the tapir, and the whole family of edentata. Here, also, are found the 
largest of tne cat tribe, the lion and tiger. Among the birds we may mention 
the parrots and toucans, as essentially tropical ; among the reptiles, the largest 
crocodiles and gigantic tortoises ; and finally, among the articulated animalB, 
an immense variety of the most beautiful insects. Th% marine animals as a 
whole are equally superior to those of other regions ; the seas teem with 
crustaceans and numerous cephalopods, together with an infinite variety of 
gasteropods and acephela. The ecninoderms there attain a magnitude and 
variety elsewhere unknown ; and lastiy, the polyps there display an activity 
of which the other zones present no example ; whole groups of islands are 
covered with coral reefs formed by those little animals. 

The variety of the tropical fauna is further enriched by the circumstance 
that each continent furnishes new and peculiar forms. Sometimes whole 
types are limited to one continent, as the sloth, the toucans, and the hum- 
ming-birds to America ; the giraffe and hippopotamus to Africa ; and again, 
animals of the same group have different cnaracteristics, according as they 
are found on different continents. Thus the monkeys of America have fiat 
and widely separated nostrils, thirty-six teeth, and generally a long pre- 
hensile tail. The monkeys of the Old World, on the contrary, have nostrils 
close together, only thirty-two teeth, and not one of them has a prehensile 
tail. 

But these differences, however important they may appear at first glance, 
are subordinate to more important characters, which establish a certain general 
affinity between all the faunas of the tropics. Such, for example, is the fact, 
that the quadrumana are limited on all tne continents to the warmest regions; 
and never, or but rarely, penetrate into the temperate zone. This distribution 
is a natural consequence of the distribution of the palms ; for as these trees, 
which constitute the ruling feature of the flora of the tropics, furnish to a 
great extent the food of the monkeys on the two continents, we have only to 
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trace the limits of the extent of the palms, to hare a pretty accurate indica- 
tion of the tropical faunas on all three continents. 

The tropical fauna of Asia, comprisinff the two peninsulas of India and 
the isles of Sunda, is well marked. It is the countrjr of the gibhons, 
the red' ourang, the royal tiger, the gavial, and a midtitude of peculiar 
birds. Among the fishes the family of Chetodons is most numerously- 
represented. Here also are found those curious spiny fishes, whose intri- 
cate gills suggested the name (Lahyrinthici) by which they are known. 
Fishes with tufted gills are more numerous here than in other seas. The 
insects and mollusks are no less strongly characterized. Among others is 
the nautilus, the only living representative of the great family of large 
chambered shells, which prevailed so extensively over other types in former 
geological ages. 

The tropical zone of Africa is distinguished by a striking uniformity in 
tlie distribution of the animals, which corresponds to the uniformity of the 
Btmcture and contour of that continent. Its most characteristic species are 
spread over the whole extent of the tropics; thus the giraffe is met with 
ft om Upper Egypt to the Cape of Grood Hope. The hippopotamus is found 
at the same tmie in the Nile, the Niger, and Orange River. This wide 
range is the more significant as it also relates to herbivorous animals, and 
thns supposes conditions of vegetation very similar over wide countries. 
Some forms are nevertheless circumscribed within narrow districts, and 
there are marked differences between the animals of the eastern and western 
shores. Among the remarkable species of the African torrid region are 
the baboons, the African elephant, the crocodile of the Nile, a vast number 
of antelopes, and especially two species of ourang-outang, the chimpanz^ 
and another large and remarkable animal of the same kind, recently described 
by Drs. Savage andWyman. The fishes of the Nile have a tropical character 
as well as the animals of Arabia, which are more allied to those of Africa than 
to those of Asia. 

The large island of Madagascar has its peculiar fauna, characterized by 
Its maMs and its curious rodents. It is also the habitat of the aya-aya. 
Polynesia, exclusive of New Holland, furnishes a number of very curious 
animals, which are not found on the Asiatic continent. Such are the herbi- 
vorous bats and the galeonithecus, or flying maki.* 

Several well marked faunas may be distinguished in the tropical part of 
Uie American continent— namely, 

I. The fauna of Brazil, characterized by its gigantic reptiles, its monkeys, 
its Edentata, its tapir, its humming-birds, and its astonishing variety of 
insects. 

II. The fauna of the western slope of the Andes, comprising Chili and 
Peru ; and distinguished by its llamas, vicunas, and birds, which differ from 
those of the basin of the Amazon, as also do the insects and mollusks. 

III. T)iie fauna of the Antilles and the Gulf of Mexico. This is especially 
characterized by its marine animals, among which the manatee is particularly 
remarkable ; an infinite variety of singular fishes, embracing a large number 
of Plectognaths ; also Mollusks, and Eadiata of peculiar species. It is in this 
zone that the PentacrvMis caput-medusa is found, the only representative in 
the existing creation of a ftumly so numerous in ancient epochs, the Crinoidea 
with a jointed stem. 

The limits of the fauna of Central America cannot yet be well defined* 
&om want of sufficient knowledge of the animals which inhabit those regions. 

145 Special Distribution tf Quabbuhana. — In addition to the facts 
already given with regard to the various faunas in different parts of the 



• For the whole of tWs acootmt of tlie distribution of the faunas, the author is indebted to 
an excellent abstract giren by Prof. Agassiz, in his Principle* of Zoology, recently published in 
America. The above five sections are adopted with little change firom that worlc, chapter xiii 
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worid, it is decnrable that we should consider also the special distribntioiL of 
yaiious races and natnral tribes of animals. Of those which are calculated 
to give nsefiil information of this kind, the great division of Yertebrata 
includes by far the larger nnmber, and we now proceed to explain in what 
manner the class of Qnadrumana is constituted with reference to climate 
and position. 

Of the Quadramana there are two subdivisions^ the Simia, or monkeys, 
and the Prosimia, or makis. Of the former there are two families, the 
one having obHque and wide set nostrils and a human-like system of teeth« 
and characteristic of the Old World; and the other having nostrils placed 
at the side and wide asimder, with three false grinders on each side of both 
jaws, found only in America. There are in all one hundred and seventy 
described species, of which seventy-nine belong to the former and ninety-one 
to the latter country. There are thirty-two species of makis, making m all 
two hundred and two described Quadrumana. 

With regard to the distribution of these two hundred and two species, 
we find that the apes are concentrated in countries under the equator, and 
there have their maximum. Of the three equatorial regions of Asia, Africa, 
and America, that of America (Brazil) has by far the greatest number of 
species, the amount being nearly double that of the continents of the Old 
World. Probably the greatest number of species of apes occur in the Silvas, 
on the banks of the Amazon, whence they extend to the eastern declivity of 
the Andes; they do not, however, cross tne chain, since, on the whole western 
side of the Cordilleras, firom Panama to Chili, only one or two species of 
the spider-monkey (Ateles) occur, and these are confined to Peru. Not only 
is the maximum of all the apes of the New World found in Brazil, but the 
maximum of each single genus also occurs there. 

Of nine genera of monkeys found in the Old World, five are common to 
Asia and Amca. Four of tnese (the baboons, magots, macacos, and long- 
tailed monkeys, Cercopithecus) belong to the group of tailed monkeys, 
and the other (the Orangs) to the tailless monkeys. Of the other four genera 
the tailed gibbons are found only in Sumatra, and the solemn apes 
{Semnopithecus) occur pretty widely distributed in the islands of the TTidiflu 
Archipelago, and are met with also in India and China, but nowhere in 
Western Asia or Africa. The whole group of the gibbons corresponds pretty 
nearly in distribution with that of the solemn apes, and the two groups are 
similarly limited, while thumbless apes (Cololms) are strictly limited to Airicai, 
and chiefly confined to about sixteen degrees on each side of the equator. 

The Baboons (Cynocephalus) are large, ferocious, and dangerous apes, 
attaining the size of a wolf, and remamible for their canine physiognomy, 
whence their name has been derived, (jcvyi;, cwi!^, dog, Kecjydktj, cephalb, heaa.) 
There are two groups of them — ^viz., the bsiboons proper and the mandrills. 
One species of the former is nearly confined to the Cape of Grood Hope, 
another to the vicinity of the Eed Sea, another to Northern and Central 
Africa, and another to Asia (East Indian Islands). The mandrills are exclu- 
sively met with in Central A£*ica. 

The Magots are represented in North Africa and Europe by the Barbary 
ape, and in Sumatra by another species. The Barbary ape is not indigenous 
in Europe, but has migrated firom Ceuta to Gibraltar, the only European 
locality in which it occurs. 

There are two divisions of macacos — ^the lon^-tailed and short-tailed. 
They are both widely spread, but the second division occurs only in Asia, 
inhabiting Hindustan, Ceylon, Java, and Sumatra. The species of the 
former abound in the East Indian Islands and occur also in Afnca. 

The Thumbless apes (Colohus) form apecuHar African group of the Asiatic 
genus Semnopithecus, (Solemn apes). The latter are long-tailed and have a 
Sender body; they are mild, intelligent, and slow. They abound in Lidia, 
Ceylon, and the South-eastern Arcmpelago, and one species extends into 
Chma, Cochin China, and the Malay penins^a, where its flesh is highly 
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Emed as an aitiele of food. The African thumbless apes liave a smgular 
ead of hair, and there are seyeral (eieht) specieB of them. 

The Long-tailed monkeys {Cercoptthecus) are chiefly African, where they 
are described as being singularly abundant. The proper habitat of the genua 
is Western Africa, but six species occur in Asia, one of which is common to 
the two continents. One species reaches far south in Africa, and another 
inhabits the island of Mauritms. 

The Tailless monkeys are of two groups, the long-armed apes (gibbons) 
and the orangs. The former inhabit only the most secluded parts of India 
and the Eastern Archipelago ; the latter are found both in Asia and Africa, 
but are limited to about thirteen degrees latitude on each side of the equator, 
and occur chiefly in the interior of tie country. 

The Monkeys of the New World difler remarkably frt>m those of the 
Old, especially in their smaller size and less ferocious manners, in the 
possession of naked callosities, and in the want of cheek pouches. They 
form two groups, and include, as we have already said, a very large nimiber 
of species. The monkeys of tlie flrst group all possess prehensile tails; they 
include the howlers, (nine species,) the spider monkevs, (two,) the aluttonous 
monkeys, (two,) and the weepers, (twenty-three.) The species oi the first 
genus are of large size and have the widest circle of distribution, being found 
as far north as Panama, and extending also to the south polar limit of the 
whole race. The spider monkeys inhabit chiefly Brazil and Guiana ; they 
are genendly mild, timid, meknclioly. and inactire. The gluttonous monkeys 
are strictly confined to the tropical coimtries in the interior of South America, 
and the weepers, although found in greatest numbers in Gxiiana, extend 
southwards to the tropic of Capricorn ; they are mild, quick and lively in 
their moyements, and excellent climbers. The second group of American 
monkeys are chiefly Brazilian, and they generally have large tails and bushy 
hair. 

The Mahis include thirty-two species, of which fourteen are Lemwts, and 
six Zioris. The Lemurs are exclusiyely confined to Madagascar and the 
adjacent islands, and so are also another group (LichaTiotus), the largest of 
the tribe, attaining the size of a baboon. The Lonses are diatributed 
through Asia, and are remarkable for their, nocturnal habits, and large 
sparkSng eyes. 

Among the Monkeys of the Old World, one of the solemn apes (Semno- 
pithectM entellus) ascends to the greatest height attained by the Quadrumana, 
and where there is wood, individuals are found on the slopes of the Himalayan 
Mountains, 13,000 feet above the sea. In Africa the Macacus montanus is 
found in Abyssinia, to the height of 8000 feet, and one of the howling monkeys 
of America occurs on the eastern side of the Andes, at more than 11,000 feet 
elevation. 

146 Distribution of Cabnivoba. — The Oamivora are so important, as 
well by their number as in their distribution, that they require to be con- 
sidered in some detail. The families of Oamivora are five — ^four of them 
terrestrial, and the fifth marine. They are divided into sixty-six genera, 
and about five hundred and twenty-six species ; of these the mrst family, or 
bats (Chibopteba), includes two himdred and twenty-four species ; the insect- 
eaters (Insectivoba), sixty-one; the Plantiobada, thirty-four; and the 
DioiTioBADA, one hundred and ninety-five ; the remainder are Amphibia. 

The distribution of the Bats is most considerable within the tropics, where 
there are seventy-two species in Asia, forty-one in Africa, and mW-five in 
America, without including the species in New Guinea and the islands of the 
Pacific, which numbep twenty-five species. The most extensive genus (that 
including the common bats of Europe) is also the most widely distributed, 
ranging m>m the Arctic circle to the extremity of Australia, and also into 
South America. 

The Insectivora are pretty generally distributed throughout the great 
continents, but are entirely absent in the islands of the Pacific OceaUf 
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inoluding Aiuitralia» and in South America, below the tropics. The greatest 
number of species (twenty-five) occur in tropical Africa, but there are fifteen 
in tropieal Asia, and four in tropical America. The shrews are found 
througnout, and the hedge-hogs almost so ; the moles are pretty general in 
north, temperate, and arctic climates, but are almost entirely absent in the 
tropics. Generally, the Insectivora are remarkable in not following the 

general law with regard to Camivora, that of increasing and attaining all 
lieir maxima in tropical climates. 

The Flantigrades, like the Insectiyores, are absent in the islands of the 
Pacific, in Australia, and temperate South America, but differ remarkably in 
their tropical distribution, only two species occurring in Central A&ica, wnile 
twelve tropical species are American, and eleven Asiatic. The bears are the 
more generally distributed, and are found throughout ; the gluttons present 
the same ntmiber of species within the tropics and in the Arctic circle, but 
are, with one North American exception, entirely absent in the temperate 
climates. 

The Diaitiaradea are met with everywhere, the dogs being the most widely 
distributea ; tne cats are next in importance in this respect (being absent 
in Australia and the Pacific Islands), and then the martins and otters must 
be mentioned. This family, although not so numerous as that of the bats, is 
the most important, since it contuns the fiercest and strongest of all the 
Camivora. The most interesting groups among them are — Canis (dog), and 
Felis (cat)— the former of which, in some form or other, has representatives in 
every country from the Arctic Sea to the southernmost islands in the Pacific, 
and m the Old as well as in the New World. Some particular species are 
abo very widely spread, the wolf occupying both continents, from the Arctic 
Circle to the north coast of Africa and tne Isthmus of Panama, extending 
eastwards into India, and westwards to the western shores of America. 
The fox ranges over the sreater part of Europe, and almost the whole of 
northern Asia; the jackal, the representative species in Africa, extends 
from the Senegal to India, and from Abyssinia to southern Eussia. The 
whole tribe is, however, remarkably poor in species in India beyond the 
Ganges, and also in the Indian Archipdago, which, in other respects is rich 
in Camivora. 

The genus Felis is found in all parts of the world, except in the islands 
of the Pacific, Japan, and the Philippines, and the vast expanse of Australia. 
The species inhabiting America diner greatly in appearance from those of 
the Old World, and are generally smaller in sue. They are also confined to 
the eastern side of the Andes. The lion is spread over almost the whole <^ 
Africa, from the Cape of Good Hope to Barbary, but is confined in Asia to 
a much smaller region, not extending beyond lat. 32° north, and chiefly met 
with in the jungle countries of India, and the borders of the Euphrates. 
The puma, the Hon of America, has a far wider range, extending from 
Patagonia, in lat. 54° South, to California on the one side, and the Canadian 
lakes on the other, in lat. 50^ north, a distance of 7000 miles. The tiger, 
more active than the lion, and nearly equal in strength, is very difierently 
distributed, ranging through almost the whole of India, Siam, and China, 
extending northwc^s far into Central Asia, and southwards into Sumatra 
and Java. The jaguar, or American tiger, has its principal habitat in Brazil 
and Paraguay, but reaches southwards only to the latitude of Chiloe, and does 
not extend northwards beyond the borders of Mexico. 

The vertical distribution of the Camivora is, of course, very different in 
different zones of latitude. In Europe, in the Alps, the bate range to about 
8250 feet, several species occurring at that elevation. The hedge-hoffi 
amongst Lnsectivora, is met with at the same height, but the direws a httie 
lower. The bladk and brown bear are found in me Alps, between 5000 and 
8000 feet, and the Pyrenean bear at nearly 9000 feet. The stoat (ermine), 
amongst Digitierades, has been met with at the height of 9600 feet. The 
martin, the wolf, the otter, the wild cat, and the lynx ascend in the Alps to 
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about 8000 feet, and in the Pyrenees a little higher. In Northern Europe, 
the fi^lutton and the wolf ascend the highest of the Scandinavian Alps, from 
whidi the latter animal frequently descends to the plains, when the mountains 
are covered with snow. 

In tropical Asia, one species of bat ascends to the height of 9600 feet ; 
a species of weasel occupies a height of 8000 feet; the tiger ranges, in Java and 
Sumatra, from the sea-shore to nearly 4000 feet above it, and on the continent 
of India pursues its prey to an elevation of 9600 feet, where vegetation loses 
its tropical character. This animal, as well as the leopard and panther, 
frequent the naked, woodless, table-lands of Thibet, at a height equivalent 
to that of Mont Blanc. In tropical Africa, the lion of the Cape dwells on 
table-lands, at an average height of nearlv 5000 feet above the sea ; and, at 
the same elevation, one of me hyenas (H, venatka) pursues not only the 
antelopes, but even the lion and panther, attacking them in herds, and over- 
nowenng them by numbers. In tropical America, the bear lives at 16,000 
feet above the sea, on the confines of the snow-line ; the puma ranges in 
tiie Cordilleras of Chili, to the height of 11,000 feet (also close to the snow), 
whilst, in Peru, the jaguar scarcely attains the height of 3000 feet, although 
the ocelot is met witii at double that elevation. 

The Amphibia, being marine animals, obey laws of distribution very 
distinct from those to which the land quadrupeds are subject, and may be 
Ukore conveniently considered afterwards. 

147 Distribution of IIodentia. — There are in all six hundred and four 
species of Bodents recognised and described, which are grouped into ninety- 
five genera, and these again into four princmal families — ^namely, the squirrel 
family (including also the beaver), the rat wmily, the porcupine family, apd 
the hare family. In all these, the species of the same group generally have 
a wide range in the same zones of climate, except when they are inhabitants 
of high ridges of moimtains, in which case they follow tne course of the 
mountains, even when, as in the Andes, these run from north to south. There 
are also examples of groups, for the most part confined to hi^h latitudes, but 
re-appearing m low latitudes at considerable elevations. It is also worthy of 
remark, that the great mass of the South American Bodents belong to a 
group, naturally distinct from and of lower organization than the mass of the 
species in the Old World, and the northern parts of the New. 

Of the squirrel family, (153 Species,) as many as ninety species are true 
squirrels, ofwhich thirty-two are East Indian, twenty-four North American, 
twelve from Asia, (excluding the East Indies,) eleven Central and South 
American, and only two European. Of the genus Pteromvs, (flying squirrels,) 
almost aU the species are confined to Eastern Asia and the Indian Islands, 
and the rest are North American. Africa is remarkably poor in all kinds of 
squirrels, having only eighteen species, sixteen of which are true squirrels, 
and two referred te a genus which has no other representatives. The JBeaver, 
the only other weU-knovrn and interesting rodent of this family, except the 
marmot, presents two species, the European and the North American beaver. 
The former is found in the rivers of temperate and Northern Europe and 
Asia, between latitude thirty-six degrees and sixty-seven degrees ; the latter 
ranges on both sides of the continent of North America, but chiefly on the 
eastern side, between the northern limits of tree vegetation, and the con- 
fluence of the Ohio with the Mississippi river. The Marmolis are confined to 
high mountain localities, or nearly so, and are found in the Alps, in Poland, 
and Bussia, in Europe ; in the hilly region of Nopaul and Thibet, and also in 
the valley of Cashmere, in Asia ; and in America, from the sixtielJi parallel of 
latitude, on the Eocky Mountains as far as Texas. 

The Eat family contains 306 acknowledged species, 196 occurring in the Old 
World, and 114 in the New. Of all the genera, the common rat is at once 
the most numerous and the most widely distributed ; its sevenlr-five species 
being distributed in pretty equal proportions through every zoological region 
on the globe ; one of them, the common brown rat, occurring in all parts of 
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the world ; others, such as the black rat, the field mouse, and the harvest 
mouse, extend through Europe ; the Barbaiy mouse, and another species, 
through North Africa ; several others occur in South Africa, and others in 
various parts of Asia. The species peculiar to Central and South America 
are, however, very few, even these being doubtfully ascribed to the genus. 

Of the other genera of this family, the common dormouse (Myoxus) occur 
throughout the southern and western parts of temperate Europe, and other 
species in AMca and Asia Minor. The Jerboa has a range extending from 
North Africa into Eastern Europe, and Western Asia. The Hcmuter is 
another animal limited in pretty much the same way, but not extending to 
Africa. Besides the recognised animals of this group, there are a number of 
species found in South America, which have been aoubtfully ascribed to it, 
and require farther examination. The group of Voles (Arvicola) are also 
interestmg, and widely spread. The water vole, or water rat of England, is 
found throughout Europe and Northern Asia, extending eastwards as far as 
the river Lena, in Siberia, and northwards to the Arctic Ocean. Other 
species are found in most of the countries of Europe and Northern and 
Western Asia, and there is also a considerable number peculiar to North 
America. The Lemming is a curious genus, confined to the polar regions of 
both hemispheres, and tne countries immediately adjacent. 

The third family of £odents includes the common Porcupine of !Europe, 
and some other genera spoken of under the same name, such as the Canada 
porcupine, and tne prehensile porcupine. The first named is indigenous in 
Southern Europe, Asia Minor, and Northern Lidia, but it occurs also in 
Barbary, and re-appears at the Cape of Good Hope. The Canada porcupine 
is [I widely spread North American representative, and the prehensile porcu- 
pine extends from the north coast of South America, as far south as iBolivia. 
^lon^g to the same family, we have also the Agouti, a well known 
Braziban genus, and the spotted cavy, found throughout the whole of South 
America, as far down as Paraguay. The Chinchilla, the Biscaehet, the 
Guinea pig, the Capyhara, and many other animals are also referred to it ; 
and, indeed, in the New World, we have as niany as seventy-seven species, 
instead of the six found in the Old World. This important fact in the 
distribution of the Bodents is well worthy of observation. 

The fourth and last &mily of Sodents presents only two genera, the Hare 
and the Lagomys. The varieties of the common hare and rabbit, and the 
species of the same genus most nearly allied, may be said to inhabit the north 
temperate portions of the eastern hemisphere generally, some being confined 
to the warmer parts, but others ranging quite up to the Arctic Circle. Some 
species occur also in India, others in North Africa and Egypt, others in Asia 
Minor, Syria, and Arabia, and others again at the Cape of Good Hope. There 
are in all twenty-two species distributed in this way, and fourteen in various 
parts of North America, from the Arctic Circle to Texas. One species only is 
met with in South America, and this ranges throughout Brazil, and extends 
to Peru, Bolivia, and Paraguay. The genus Lagomys, is, with one exception, 
confined to the Old Wond, and chiefly to the northern extremity of it, 
although an American species is found on the Eocky Mountains, between the 
forty-second and sixtieth parallels. 

148 Distribution (^Kuminaittia. — The animals of this order, which ia 
one of the most natural and best defined of all the primary groups of quad- 
rupeds, are distinguished from all others by the existence of four stomachs, 
arranged for the act of ruminating or ' chewmg the cud.' They are aU essen- 
tially lierbivorous; they have cloven feet ; ana it is only amongst them that 
species are met with whose foreheads are armed with true horns.* There are 
in all nine genera, represented by the Camel, tiie Llama, the Mush-deer, 



* The horn of the rhinoceros consists of parallel homy fibres, soaroely indicated on the 
skull, and belonging only to the skin. 
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the Deer, the Qvraffe, the GocU, the Sheep, and the Ox, respectively : they 
are mofit numerous near the equator, but are distributed over all latitudes in 
the northern hemisphere, as tar as the Arctic Circle. They are, however, 
totally absent in Australia, New Guinea, the South Sea Islands, and 
Madajg^ascar. 

The ^eatest number of species of Euminants occur in Asia and Africa, 
each of mese countries possessing more than one-third of all the species, so 
that, on the whole, the Old World possesses as many as 128 species, while in 
the two Americas there are only twenty-three species. 

Of the particular genera, the Camel is a native of Asia, and now extends 
oyer Arabia, Syria, and Asia Minor, to the foot of the Caucasus, the south of 
Tartary, and India. It extends ahio in Africa, from the Mediterranean to 
the Senegal, and from E^fypt and Abyssinia to Algiers and Morocco, and it 
abounds m the Canary Islands. The fiactrian camel, distinguished by its two 
humps, its rougher and shaggier hair, and stronger and more muscular frame, 
is aunost unknown in South-western Asia, but abounds in the countries 
north of the Taurus and the Himalayan Mountains, extending, it is said, to 
the borders of China. The Llamas, the camels of the New World, present 
three species, differing from the true camels, by being much smaller, and 
having no hump on the back. They are chiefly distributed on the western 
side of the Andes, extending from Venezuela and New Granada, through 
Peru, Bolivia, and Chile, into Patagonia, and even to the wooded islands of 
Tierra del Fueco. 

The Musk-deers, of which there are seven species, are distributed in 
yarious parts of Asia, chiefly south of the Himalayans, but two species are 
found in Africa. The whole group is distinguished by the absence of true 
horns. The true deers have solid horns or antlers; they include on the 
whole thirty-eight species, twenty -eight of them being K>und in the Old 
World, and oi these, twenty-one in the East Indies. The largest of the 
genus, the elk or moose deer of America, inhabits the colder regions both of 
me Old and New World ; the European elk, a distinct species, is found in the 
forest regions of Scandinavia, Eastern Prussia, Poland, Lithuania, and Eussia, 
extending eastwards into Asiatic Tartary, and southwards to the Caucasus ; the 
reindeer has its southernmost limit in America, in latitude flfry degrees north, 
but is most abundant between 63° and 66° north latitude. In Asia it traverses 
Siberia and Eamschatka, and in Europe is found in Iceland, Spitzbergen, 
Scandinavia, and Northern Eussia, but chiefly in Finmark and Lapland. 

The Fallow-deer inhabits central Europe, as far as fifty-three de^ees north 
latitude, but extends also to the north of Persia and China, and is found in 
the northern part of Africa, as far south as Abyssinia. The common stag or 
red-deer is also a native of the temperate counmes of Europe, but ranges ten 
degrees further north than the fallow-deer, and has not been found south of 
the Caucasus. It occurs in Siberia, from the Altai Mountains to the Lena 
Biver. The roebuck is also viridely distributed in Europe, as far as fifty-eight 
degrees north latitude, and in Asia, eastwards to the Kiver Lena, and south- 
wards to Peru ; it is common in the north of England, and in the north of 
Scotland, but is unknown in Ireland. In North America there are six species, 
and in Central and South America eight, one species being common to the 
two Americas. The most remarkable is the Virginian deer, which ranges 
from Canada, as far south as Louisiana. 

The Girafie is an isolated genus exclusively confined to Africa. There 
are two species, one inhabiting Nubia, Abyssinia, and the countries near 
Lake Tchad, the other a southern species, found in south lat. 29°, near the 
Orange and Lion Eivers. Africa is also the head-quarters of the Antelopes, 
containing thirtv-four species, while Asia has only ten, Europe two, and 
America one. The European antelope, the Chamois, inhabits the alpine dis- 
tricts of Europe and Western Asia, oeing found in the Alps, Pyrenees, the 
Tatra, the mountains of Greece, the Caucasus, and the Taurus. The Goats, 
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like the European antelopes, inhabit alpine countries, and of these the Ibex 
is well known, and ranges even to a greater height than the chamois, being 
found occasionally eren above the snow line. The greatest number of species 
of the goat fanulj are Asiatic, and only two are met with in the New 
World. 

The Sheep are considered to have inhabited originally Western Asia. 
There are in all twentj-one species, thirteen of them Asiatic (excluding the 
East Indies), and five East Indian, there are also two in the Bocky Moun- 
tains of North America. In a domesticated state they have been introduced 
into most parts of the civilized world. The Bovine tribe (oxen), of which 
there are tnirteen species, comprise the largest of ruminatmg animals, and 
are widely distributed over most countries of the globe. The Buffalo, long 
known as a domesticated animal in India, has spread westwards to the western 
extremity of Europe, and eastwards to the islands in the Pacific Ocean. Thj» 
Cape Buffalo is a much more ferocious animal, wandering in hu^e herds over 
extensive districts in South Africa. The two American species, the bison 
and Uie musk ox, are both confined to North America, the former extending 
from New Mexico and Califomia to about 64° north latitude, while the latter 
is peculiar to the frozen regions of the continent, its southern range com- 
mencing where the bison terminates, and extending thence over the barren 
regions of tiie Polar districts to Melville Island, thus attaining with the 
rem-deer the highest latitude of any known species of ruminant. 

The vertical distribution of ruminants is not uninteresting, the Chamois 
and Ibex reaching in the Alps to the snow line (8900 feet), while oxen graze 
and sheep pasture within a thousand feet of this elevation. The common 
stag in tne same parts of the country reaches only to 7000 feet, and the 
fallow-deer to 6000. In the table-lands of Central Asia, the goats and sheep not 
only reach the height of from 10,000 to 16,000 ieet, but one species is described 
as bounding lightly over the encrusted snows of the higher ridges of the 
Himalayan Mountains, where its human pursuers find it difficult U> breathe. 
Another species, the Yak, seems actually limited to districts where the 
temperature is below that of the freezing point of water, and even the Bactrian 
camel attains in the table-lands of Central Asia a height at from 3000 to 6000 
feet above the sea. In South America, the Llama inhabits the bleak and 
rocky precipices of the Andes and regions bordering on the limit of perpetual 
snow. In the cold climate of Patagonia these aniTnals approach the vicinity 
of the sea, but further north large herds attain (as on Chimborazo) a height 
of 15,800 feet, and on the Bolivian Andes an elevation of 18,000 feet. 

149 Dh^trihUion of the Pachtdebmata. — Of this family there are nine 
genera contauiing thirty-nine species. Only one species (Su9 — the swine) is 
mdigenous in Europe, while nineteen are Asiatic, twenty African, and seven 
American. Besides the S?rine, the Asiatic genera includes the Elephant, 
Bhinoceros, Tapir, and Horse, and to these in Africa are added the Hippo- 
potamus, Hyrax, and Phascochcerus, while in America we have only the 
Peccaries and Tapirs. The animals of this order are not only few in number, 
but much smaller in size in the New World than in the Old. In Nortii 
America they are totally absent, and so also are they in Australia. On the 
other hand, m Africa they are singularly abundant, and highly characteristic. 

If we refer to the particular genera, we find the Elephant inhabiting the 
whole of the peninsula of India, the Birman Empire, and Siam, extending 
also to Cochin China. It ascends the Himalayan Mountains to the height of 
6000 feet, and reaches southwards to the extremity of Sumatra, although it 
has never yet been proved indigenous in Java or Borneo. The African 
species reaches from tne Mountains of the Moon nearly to the Cape of Good 
Hope, thus ranging in the western part of the Old World from 3P south 
latitude to 13° north, and in the eastern part from 6° south latitude to about 
30° north. The Hippopotamus at present extends from the Orange Bdver, - 
near the Cape of Good Hope, to the upper Nile in Dongola, and occasional]^ 
still farther north. The Bhinoceros is more subdivided into species than ^' 
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elepliant or Mppopotamua, there being four African and three Asiatic ; it is 
confined to nearly the same limits as the elephant, bat extends a little 
farther north into China, and also into Java. The common or one-homed 
Afirican species, and the corresponding one-homed species in India, are the 
most wiaelj distributed, the others are smaller and chiefly found in the 
interior of the country. The genus 8us (or swine) is distributed into three 
groups, the European* Asiatic, ike Indian, and the South African. The fbrst 
contains only the common swine, which ranges from the shores of the 
Atlantic to the Pacific, extending westwards from the borders of the Sahara 
to the Baltic provinces of Eussia, and eastwards from the Gulf of Tonquin to 
Lake Baikal in Siberia. The other species are far more narrowly distriouted, 
one of them forming a passage to the Tapirs, and another nearly confined to 
South AMca, and extending into Madagascar, where it is the sole i^epre- 
sentative of the whole tribe. 

The Hyrax (daman) is a singular and interesting genus of pachyderms, 
approaching the rodents in some respects, and at present onfy known iu 
South Afhea, in the countries bordering the Nile, and in Syria. The 
JPhascoekarus (warthog) is also exclusively African, inhabitinff tne country 
between Abyssinia and the northern extremity of the Cape Colony, and rare 
eyen within these limits. The other Pachydermatous group of the Old 
World is that which indudes the Horse, the Ass, and the Zebra. It is not 
possible ifi)w to determine the original limits of the true horse, thouf^h it 
appears to be a distinctly Asiatic species. The ass seems characteristic of 
Gnitral Asia, and the zebra is peculiar to Africa, where there are seyertd 
species ranging southwards as far as the Cape of Good Hope. 

The only remaining Pachyderms are the Peccaries and Tc^rs, the former 
absolutely confined to South America, the latter chiefly characteristic ot that 
continent, but not uncommon in the islands of the Asiatic Archipelago. The 
Peccaries inhabit dense forests, and extend from the peninsula of Yucatan 
in Central America to Paraguay, climbing the eastern slopes of the Andes to 
the height of six thousand feet. The common American tapir is met with 
from j^caragua (latitude 14^ north) to the Pampas of La Plata, in latitude 
40^ south, and ascends the Andes to as great a height as the peccaries. 
Another species inhabits chiefly the most elevated parts of Hke Andes of New 
Granada. 

150 DUtrihutiim ef the Edentata and Marsupialia. — Of tiie former 
of these remarkable groups there are six recognised genera, four of them 
confined to the New \Vorld, one occurring only in Africa, and one (Mania) 
reaching into Asia. South Ainerica contains three times as many species as 
all the remaining countries of the World, and is in every respect the metro- 
pK>lis of the order. We shall see also in a friture chapter that this distribu- 
tion has long obtained. 

The principal genera of the Edentates are the Sloths, the Armadillos, and 
the Ant-eaters, The former ranges from the southern limits of Mexico as far 
south as Bio Janeiro ; and from the eastern coast to the slope of the Andes 
there are four species, all inhabiting the trees of the gigantic and primeval 
forests of those countries. The armadillos, of which there are eleven species, 
ran^e in like manner through Central and Southern America, they vary in 
their habits, living in the nlams as well as on the table-lands, and extending 
into the lower regions of tne Andes to the height of about 3000 feet. There 
is one remarkable and closely allied genus (Chlamyphortts) inhabiting Chili 
and La Plata, and interesting irom the enormous strength exhibited in so 
small a frame. The American ant-eaters, the largest of the Edentata, are less 
widely distributed than the sloths and armadilK>8, both in vertical and hori- 
zontal space. 

The Edentates of the Old World number only five species in all. The 

African genus includes one ant-eater (Orycteropus) very different from the 

1 American species, and extending from the Cape Colony to Congo. The 

Pangolin, or scaly ant-eater (Manis), has four species, and ranges nrom the 
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Senegal in A&ica, in a narrow band southwards to the equator^ occumng 
also in North-eastern India, and thenoe eastward to Formosa, and in the 
islands of Sumatra, Java, Borneo, and the Celebes. 

Ajb South America is the country of the Edentates, so on the continent of 
Australia and its adjacent islands we find the great majorilry- of the Marsumal 
tribe, although of these also a few representatiye forms haye been found in 
America. The whole order has been divided into eight families, which present 
a remarkable diversity of structure, and consequently of habit, some species 
amongst them being herbivorous, some carnivorous, and others insectivorous. 
All, however, present the striking peculiarity of l^e order — namely, the pre- 
mature burth of the young, and tne existence of a kind of bag or pouch, 
situated beneath the beUy of the female to receive them at this period, and 
retain them for a considerable time even after they have grown to a large size. 

The OmUhorhy7U!htL8 and Echidna, two of the most remarkable MiiTnala 
known, form one group of the marsupials, and are almost confined to South- 
eastern Australia and Van Diemen's land. The Ka/naouroo family, whichnmnbers 
not fewer thim forty species, are very widely distributed in Australia and New 
Guinea, and have oeen said to occur in Java. The WombatSy of which tiiere 
are two species, are found chiefly in the southern and eastern part of Australia 
and Van l)iemen's land. The Phalangers are widely distributed not only in 
Australia but in New Guinea, and many of the Asiatic islands, extending even 
to the Celebes. The Dcuvurida (including the Thylacmus, or Australian 
dog) are limited to New South Wales ana Van Diemen's land, while the 
Opostwns are an exclusively American family, extending firom the southern 
limits of Canada to the thirty-sixth parallel of south latitude. They are 
nearly confined to the eastern side of the continent, and one, a Brazilian 
species, lives in the water. The whole number of species of marsupials may 
be estimated at not less than 126 ; and the group found in Australia is the 
more important from the absence in that country of other mammals, and the 
number of representative forms of various tribes which it includes. 

151 Distribution of Bibds.— Birds, like other Vertebrates, exhibit the 
greatest number of species in the tropical climates, with the partial exception, 
however, of the continent of Europe, which contains 490 species, while, 
although tropical America has 624, tropical Asia presents only 4f50, and 
Africa only 211. North temperate America affords in all 178 species, and 
the north frigid zone in America as many as 103. There are, also, other 
apparent anomalies when we examine the different orders in detail ; as, for 
example, there are 186 European species of Oscines (singing-birds) and 112 of 
Natatorea (swimmers), while in tropical America there are 319 of the former 
and only 26 of the latter group. Europe and tropical America possess the 
greatest number of birds of prey, and the cUmbers and songsters are most 
abundant in the latter country. Tropical Asia presents the greatest number 
of GallinacecB, and Europe the greatest number of waders and swimmers. 

K we take the particular genera, we find amongst the birds of prey the 
Vulture tribe the most remarkable, and the largest of all flying birds. The 
habitat of the Condor, of which individuals have been found in the Andes 
of Quito measuring fiifteen feet from tip to tip of the wings, is exclusively 
confined to the vicinity of the Andes, and breeds at an e&vation of £rom 
10,000 to 15,000 feet aoove the sea. Humboldt, on one occasion, saw this 
enormous bird floating over the summit of Chimborazo at an elevation of 
upwards of 22,000 feet. Hie species ranges from the Strait of Magalhaens 
to 7^ north latitude. Of the other vultures several are American, and there 
are also species dispersed through Africa and India. The birds of prey of 
Europe include ^yo vultures, Siirty-four hawks, and fifteen owls, many of 
them extending into North Africa and Asia. The greater number of species 
occur in the south of Europe, and as many as twelve range through various 
parts of the Alps. These include one vulture, two eagles, five luiwks, and 
four owls. 

The order of climbing birds, including the parrots, cuckoos, king-fishers. 
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and others, are chiefly confined to the tropical zone ; but they also occur 
abundantly in the southern hemisphere, where they extend to very high 
latitudes, reaching even beyond New Zealand as far as Macquarie in latitude 
66^ south. In the northern hemisphere they attain in the United States 
the latitude of 42° north. Forty species are found in the tropical regions of 
South America, while only three inhabit the opposite coast of Africa. The 
Birds of Paradise, a small but very remarkable group, are limited to a few 
islands in the neighbourhood of In ew Guinea, migrating according to the 
monsoons. The Toucans, and some other groups, are also confined within 
very najrow limits. Of European cHmbers there are twenty-three species, 
some of them, as the Woodpecker and Hoopoe, ranging throughout the whole 
continent, but others more local. Eight of them inhabit or trayerse ihe 
higher parts of the Alps. 

Of the order of songsters (Oiteines), the Humming-birds, the smallest and 
most brilliant of the whole tribe, are all natives of America, and chiefly of 
the tropical portions of that country, but they range to the height of 10,000 
feet on the Andes, and have been met with breeding in the Island of Juan 
Fernandez (33^° S. latitude), and as far north as latitude 61° on the shores of 
Behring's Straits. Of the 186 species of this order found in Europe, as 
many as 100 belong to the tynical genus from which the order has received 
its name, and whi^ are all oi them song-birds. Forty-three of these extend 
into Africa, and ten reach to tropical Asia; there are also ten European 
species of Larks ; forty-three of Finches, of which one, the common Sparrow^ 
extends over most parts of the known world ; twenty-eight Nut-hatchers, 
including amongst tnem six species of Carvus (crow), and five species of 
Swallow. These are all of them prettjr generally &tributed throughout 
the country, and range also into the adjoining continents. 

The gallinaceous oirds are far more numerous in the Old World than the 
New, the greatest number of species (72) being found in tropical Asia, 
and some of these being now domesticated in almost eyeiy country. The 
Pheasant thus extends, in its natural distribution, from the daucasus through 
Central Asia to China, and southwards as far as Jaya ; the Peacock is a 
natiye of India ; the Pigeons (of which six species are European) extend into 
the two great continents ; and the Turkey is peculiar to the New World, its 
proper limits appearing to be from the Isthmus of Panama to the north- 
western extremity of the United States. It does not appear to be indigenous 
on the western side of the Bocky Mountains, or in South America. Only 
twenty-eight species of the order are found in Europe, and many of these are 
not natiyes ; but the grouse, the pheasant, the common fowl, the pea-fowl, the 
partridge, and niany others are of this kind, and are too well known to require 
further allusion. Two species of pigeon, four of grouse, and two of partindge, 
haye been found amongst the higher passes of the Alps. 

The order Grallatores, or waders, is most abundant in the north tem- 
perate zone, but by far the most remarkable species occur in tropical and 
southern countries—thus, the African and South- American Ostrich, and the 
Australian £mu, as well as the Cassotoaiy, are amongst the most extraor- 
dinary, as they are the most gigantic of birds. The former (the ostrich) has 
a tolerably wide range, and has been met with to the height of 7000 feet, on 
the high plateau of the Uspallata Mountains, in South America. One 
South American species extends to 54° south latitude, and the African species 
ranges from the Cape of Good Hope to Barbary, and has extended as far as 
the southern decliyity of the Caucasus, and the shores of the Black Sea. 
The most numerous European genus is that which includes the Snipes, of 
which there are thirty-eight species, sixteen of them extending into North 
Africa, and twenty-fiye into Siberia. The Ibis and the Flamingo are recognised 
species in Europe, but belong to Africa and Asia. 

^e Natatores, or swimming birds, including the ducks, pelicans, 
penguins, gulls, and many others, are, like the waders, more abundant in 
European thui tropical latitudes. There are one hundred and twelye 
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EnropeBii specieB, of which fortj-four belong to the duck genus, and tfairW- 
three to the gulLs, of each of these more than half extending into Asia. Tho 
Eider-duek is an interesting and important species, chie^ inhabiting the 
shores of the Arctic Ocean, and the land immediately adjacent, extending 
in Europe to the Orkney Islands, and eyen into Grermany, and in America to 
the latitude of New York. 

The migration of birds is a fact in their natural history which fully 
accounts for the wide extent of country over which many species are founa. 
Some proceed to very distant spots in search of food, or at the breeding 
season, and many of the sea-fowl are found over many thousand miles ^ 
ocean, and are rarely seen to rest, while other birds, although not naturally 
migratory, proceed irom one spot to another on the occasion^ failure of food 
in their natural district. The habits of birds in migrating are yery different|- 
some going singly, some in small groups, others in nocks of many thousands. 
When in great miiltitudes, they generally haye a leader, as in the case of the 
swallows and martins ; but when the groups are smaller, the birds often fly 
in yery regular orders— wild geese, for example, in the form of a wedge. Tlie 
swift, a remarkable bird in ito power of sustaining rapid and long-continued 
flight, is said to proceed at the rate of one hundred miles per hour, and the 
wSd duck and wild pigeon four or fiye hundred miles in a day. Migratinir 
birds generaUy return to the same spot, within a few days of the same time 
of the year, and often occupy the same nest for successiye years. 

153 XHstrilmtion of Reptiles. — Of the existing orders of reptiles, the 
Sauria, including crocodiles and lizards, number two hundred and liiree 
species; the Chelonia, or tortoises, sixly-nine species; the Serpents two 
hundred and sixty-five species, and ^e Batrachiwits (frogs), one hundred and 
twenty opecies-maJdng in aU six hundred and fiftyUeven. Of this number 
more thiTn twice ao mmj are found in the countries of the torrid zone than 
appear in temperate climates. The Chelonia are most numerous in the United 
States, where there are nineteen, in Brazil (fifteen), and in the Indian islands 
(thirty-three). In Africa (Barbary) there are six species, and in Europe, 
except in Italy and Turkey, only three in all. The Sauria include thirteen 
species of Crocodiles, nine of them American, and four Asiatic and African. 
The remaining Sauria are far more widely distributed in Africa and South 
America than m the rest of the world, Brazil being the richest in species, and 
containing in all as many as forty-two. Serpents are far the most abundant 
in the East Indies and in Central and South America, and most of all in the 
Island of Java, where no less than fifty-six species haye been determined, 
while in the adjacent Island of Borneo there is not at present a single one 
known. The Batrachians are most numerous.in Central and South America, 
but thirty-nine species are North-American, and twenty-three European. 
Asia, Africa, and Australia show a remarkable absence of the animals of this 
order. Generally, reptiles may be regarded as more limited to warm climates 
than any other animals, and better able from their structure, and the slowness 
of their circulation, to bear the extreme rigour of an excessive climate than 
the absence of hot summers that characterizes island countries. 

Of the Chelonians, the common marsh tortoise of Europe attains the highest 
latitude, extending in Prussia to lat. 52° north, while a corresponding species 
in North America reaches to 50° north. Some of the sea-turtles haye been 
met with in the northern hemisphere, eyen so far north as the Shetland 
islands (lat. 60° 30"), but the individual in question inay probably have been 
drifted thither by storms, its usual range being only to the shores of France, 
to about the fiftieth parallel of latitude. The species thus observed (the 
hawk's-bill turtle), furnishes the homy plates usually known in commerce as 
tortoise-shell, but the principal fishery of these animals is in the Moluccas, 
and other islands of the Indian Archipelago, and the islands of the West 
Indies ; the former, however, being the most important, since the shell is 
the most valuable. The green turtle, used for food, is a species inhabiting 
the tropical parts of the Atlantic Ocean, and attains a large size, often 
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wdgbing six or seven hundredweight. The fresh-water tortoise is very 
abundant in North America, where there are fifteen species determined ; the 
land tortoises, on the contrary, are chiefly African, altnough there are seyeral 
European species. 

The Crocodiles are divided into three gronps — ^named respectively. Alii' 
gators or Caymans, tme crocodiles, and Garials or Gavials. The flrst group 
are exclusively American, and have a wide range of distribution, extending 
from the United States, in lat. 32^ 8C north, tlu-ough Central America, and 
southwards into Brazil and Paraguay, in lat. 31° south. They are amphibious, 
cMefly inhabiting the estuaries of great rivers, and rarely leaving the fresh 
water. They are very fierce, but chiefly prey in the night, and the South 
American species are considered less dangerous than those of the Mississippi. 
'llie African crocodiles extend from Congo to Senegambia on the west, and 
Egypt on the east, the common crocodue of the Nile being distributed 
over nearly the whole river district, and throughout Nubia and Abyssinia. 
The Asiatic crocodile, or Gavial, extends from the north-western coast of 
Australia, through the Indian Archipelago to Hindustan, where it is exceedingly 
abundant in the Ganges and obher great rivers. The Lizards (including the 
monitors, iguanas, dbanieleons, bhnd-worms, and true lizards) range some- 
what more widely than the former group, and many of them, as the chame- 
leons and monitors, are absent in America. The Chameleons form an interest- 
ing African and Asiatic group, extending over many parts of the south of 
Europe. The Geckos and Iguanas are greatly multiplied in Brazil, but range 
also in other countries. The Monitors are chiefly Asiatic ; and one, sometimes 
called the land crocodile, chiefly inhabits Africa and the Indian Archipelago. 
A neariy allied genus is found m Guiana, where it attains the length of six 
feet. The Skinks are distributed like the Iguanas, being chiefly abundant in 
Africa and South America ; but there are ten species inlmbiting Europe. 

The Serpents are totally absent from the islands of the Pacific, and most 
widely distributed in the adjacent islands of the Indian Archipelago— a very 
remarkable fact in the general distribution of animals. It is also well worthy 
of careful attention, that although many species of the order are widely 
dispersed in various parts of temperate Asia and Europe, no species is 
common to Asia and America. Australia is almost without representatives, 
(there being only eleven species in all, and these peculiar,) and Japan has six 
species, aJso peculiar. America and Asia, between the tropics, present by far the 
largest number of species, and Africa is remarkably poor in species, although 
the few that there are seem very widely spread. Of the two divisions of 
serpents, the hannless and the venomous, the number of species of the former 
is three and a-half times as great as iJie latter, but with the exception of 
western Europe and Madagascar, scarcely any country is without some 
species of both. 

The Frogs extend further than any other reptiles towards the polar 
regions, reaching in Finland nearly to the limit of perpetual ground-frost. 
In the New World, however, some of them extend even beyond this line in 
Greenland and British America, existing on the banks of the Mackenzie 
Biver, up to the sixty-seventh degree of north latitude, where the mean 
temperature is not more than seven or eight degrees Fahrenheit, and where 
the cold in winter is so excessive, that the thermometer sometimes sinks to 
more iJban 90^ below the freezing point of water. In the southern hemisphere 
a frog was found by Mr. Darwm in latitude 50° south, on the banks of the 
river Santa Cruz. 

Within the tropics Crocodiles and Boas are found on the Andes of Quito, 
at an elevation of 3000 feet ; and a remarkable reptile, the Axohtl, occurs in 
Mexico at the height of 8000 feet. Ip. the Alps there is a frog living in 
the vicinity of the snow-line, and various other reptiles of the same order 
between 4500 and 6000 feet. In the Pyrenees, the common frog is found at 
8000 feet. 

K we take the distribution of individuals we shall find by far the most 
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abundant locality to be the Island of Jara, after which Brazil, the southern 
States of North America, the Island of Sumatra, the Celebes, Egypt, South- 
westOTn Europe, and Nordi-^astem India may be mentioned as the places 
where reptiles chiefly abound. 

153 DUtrihutian of the Mabinb Vebtbbbata. — This group includes the 
whale tribe, the seals, and a single genus of reptiles, in addition to the yast 
and importont class of true fishes. The whales form two groups, the herbi- 
Torous whales (iilieLanuinHn and Duffom) and the ordinary whales, including 
the JDolphin, the Porpoise, the Narwanl, the Cachalot, and the BdUma, or 
Whalebone whale. All these suckle their joung. The lamantin, or sea-cow, 
is chiefly limited to the mouths of rivers m the hottest parts of the Atlantic 
Ocean, the American species being distinct from the Amcan, but both occa- 
sionally attaining the length of fifteen feet and upwards. The dugon^ inhabits 
the Indian Oeean, and there is also an allied genus found in the Pacific. The 
spouting whales are yeiy widely spread through the various parts of the 
great ocean, but there is no familj* of mammalia more difficult to observe, in 
spite of their fre^^uently gigantic size. Amongst them the dolphin is seen in 
ahnost every latitude, and the porpoise is ahnost as widely spread, but par- 
ticular species appear to be, and probably are, very much more limited. The 
Grampus is the largest species of this group, and abounds both iq the 
Atlantic and Pacific Ocean. The Cachalot and Balsena are, however, much 
laiger, attaiain? the length of firom sixty to seventy feet, and the Korqual (a 
whalebone whale) has been met with having a total length of as much as one 
hundred feet. The former appears to ran^e from the limits of the Arctic 
nearly to the Antarctic Ocean, but their chief resort is in the deepest |>art8 
of ^e warmer seas near the tropics. The whalebone whales ore emofly 
found in the colder seas, but appear to travel to warmer latitudes in search 
of food. 

The Seal tribe present a number of species of which the common seal and 
the morse are the best known; they are both chieflv confined to the polar 
seas and desert islands in high latitudes, but some of them have a very wide 
range, especially in the southern hemisphere. 

The mstribution of the true flshes, like that of the marine mammalia, is 
ehiefly known as far only as regards the species used by man. Thus, the 
cod, the herring, the sahnon, the pLLchard, &c., have naturally attracted 
attention, and their habits of migration and the nature of the spots they 
select for feeding ground, are tolerably well known, but of the vast multitude 
that herd on the various shores of the diflerent countries in the world, or 
that dwell concealed from observation in the deeper parts of the open ocean, 
it is scarcely possible to determine at present their true geographical or 
climatal limits, or the law of their distribution. 

Of the various natural tribes of these animals, some are certainly mi^- 
tory and some constantly confined to narrow limits, but the greater numoer 
have a wide, although by no means indefinite range. The former pass from 
one ichthyolo^cal provmce to another, according to the season and the 
abundance of^food, or the necessities of breeding; but these provinces, 
although indicated, have been onlv partially determined. The most exten- 
sive includes about forty degrees of latitude on both sides of the equator, in 
the Pacific, and this is flanked by the northern and southern portions of the 
ffreat ocean. The Atlantic presents a similar division, and there are many 
local and peculiar marine faunas in the great bays and golfs near the mouths 
of great rivers, in the principal inland seas, and in the various rivers 
themselves. 

Somewhat more than eight hundred and fifty species of fishes have been 
described from European seas, rivers, lakes, and coasts, of which two 
hundred and ten inhabit fresh water, and of the whole number two hun- 
dred and sixteen are British, and as many as four hundred and fort?^- 
four of the marine species are Mediterranean. Comparatively few of this 
number extend to America, still fewer are found m the !K.ed Sea, and 
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BCtttcelj any reach to the Indian seas. It is remarkable, also, that the Black 
Sea, which communicates directly with the Mediterranean has a distinct 
fauna, and the Caspian another, also peculiar to itself. The great lakes of 
Central Asia and of North America, most of the great tropical rivers in both 
continents, and many other smaller areas of water, appear to be more or less 
isolated. 

Although, in number of species, the southern seas of Europe and the 
warmer parts of the Atlantic are richer than the more northern districts, this 
is by no means the case with regard to individuals, or even the tribes most 
useful to man; and, indeed, in this matter, there seems a certain balance 
struck between the cold and warm regions ; for while Italy and the south 
supply fruits and vegetables in enormous abundance, the northern shores 
and banks are eagerly watched for countless myriads of fish, which are dried 
and exported as mod for the inhabitants of warm countries. Thus the banks 
of Newfoundland, and the Dogger Bank, in the North Sea, where there is 
shoal water and shelter, are crowded with cod in the month of February to 
such an extent, that in the latter locaUty as many as sixteen millions of fish 
have been caught in one place within a few weeks, and in the former, the 
produce of the fishery for a single season has amounted to forty thousand 
tons weight. The pilchard, in point of numbers, is still more remarkable, as 
it has been estimated that, on one occasion, twenty-five millions of fish 
(ten thousand hogsheads) have been taken on one snore in one port on a 
single day. 

It is by no means the case, however, with these and many other fishes 
which migrate from one sea or part of a sea to another, that they can readily 
transport themselves to great distances. The contrary is rather the fact, as 
the pilchard and the herring are really limited to very narrow areas of sea, 
although appearing only at particular seasons, when impelled by instinct to 
the shores for the purpose of spawning; and so with others, where the migra- 
tion is rather in vertical than horizontal space. 

The limits of distribution of fish in vertical space seem to be very strictly 
defined. Some swim always near the surface, and, like the flying-fish, 
appear to rejoice in exposing themselves to the air, while others are still 
more nearly amphibious, and, like eels and an Indian species of perch, can 
transport themselves for some distance on land, or attach themselves to the 
shelter afibrded by particular trees growing near water. Others, again, are 
littoral, inhabiting shores in moderate depm of water; but others, although 
found near shore, are, like the plaice ana many flat fish, always buried m 
the mud or moving at the bottom. Many others, again, rarely or never 
approach the shores, but remain constantly in deep water ; amongst these 
are the sharks. Mr. Tarrell has remarked, ' that mose fish which swim 
near the surface of the water have a high standard of respiration, a low 
degree of muscular irritability, great necessity for oxygen, die soon — almost 
immediately when taken out of the water — and have flesh prone te rapid 
decomposition. Mackerel, salmon, trout, and herrings are examples. On 
the contrary, those fish that Hve near the bottom of the water have a low 
standard of respiration, a high degree of muscular irritability, and less 
necessity for oxygen; they sustain lue long after they are taken out of the 
wat^r, and their flesh remains good for several days. Carp, tench, eels, the 
different sorts of skate, and all flat fish may be quoted.'* 

With tenacity of life is connected the extraordinary power observed in 
some fishes of enduring extremes of temperature, and thus the gold fish, a 
native of China, not only lives, but thrives to excess, in water whose tem- 
perature is constantly as high as eighty degrees Fahrenheit. Other species 
have been found in hot springs in various countries whose temperature 
ranges between 110° and 130° E ah., and Humboldt and Bonpland perceived 
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fislies thrown ap alive from the bottom of a volcano, in South America, aloi^ 
with water and heated vapour, the thermometer showing a temperature within 
two degrees of the boiling point of water. The enduring power of fishes wi<li 
regard to cold is, perhaps, still more remarkable, for Mr. Jesse speaks of a 
gold fish frozen with the water, in a marble basin, into one solid mass of ice, 
and yet, within a few hours of the ice having been thawed, the fish recovered, 
and was soon as lively as usual. The carp also, to which the gold fish is nearly 
allied, is well known to have remarkable power in this respect ; and perch, as 
well as other fishes, are well able to sustain the congelation of the water 
surrounding them, without permanent injury. 

154 IHstrihuiion of the Invbbtbbsata and Abticvlata. — The Iwoerte- 
hrate animals are not less remztrkable in their peculiarities of habit, and the 
limitation of their natural range, than the more highly organized grouns 
already considered ; and though some of them, as the Sepias, or cuttle fisn, 
range freely in all parts of the ocean, or like the butterflies, flit about in the 
air and proceed like birds to distant countries, others are far more limited, and 
exhibit few capabilities of extensive or distant range. Thus, whether we con- 
sider the flying species, those which inhabit the simace or soil of the land, or 
the enormously larger and more important group, the marine invertebrata, 
we everywhere find natural limits of range, boui in horizontal and vertical 
space, the increase of depth in the sea answering to greater elevation on land. 

The ArticuUUa, including insects, crustaceans (crabs and lobsters), and 
worms, are distributed in comparatively narrow and limited areas, so that a vast 
number of species have been determined, often difiering Yery slightly from eadi 
other. In high latitudes, insects are very few, both in species and individuals, 
except during the short summer period, when certain tribes, as mosquitoes, 
fleas, and others, multiply with enormous rapidity, and prey upon all larger 
animals. In North Europe, and, indeed, in Europe generally, the number of 
species is much larger, and the variety far greater, and this increases as 
we advance towards the equator, but diminishes again in tropical AiriGa, 
while South Africa, the African and tbe Indian islands, are all richly supplied 
with these animals, although by no means to such an extent as Central 
America, which perhaps in some parts may be regarded as the true metro- 
polis of the class. Beetles, however, generally, are much more abundant in 
temperate than in tropical climates, and this is especially the case in the 
northern hemisphere. 

The causes that seem chiefly to afiect the distribution and ran^e of 
insects are — first, food ; secondly, temperature ; thirdly, prevailing wmds ; 
and fourthly, elevation above the sea. With regard to the first, as some 
insects feed upon living vegetables, these are necessarily limited to the range 
of such plants, and usually become introduced by man into those distant 
countries into which the plants are conveyed. More than two-thirds of the 
whole number of species are considered to be thus dependent directly on the 
vegetable kingdom. Temperature also acts indirectly hj modifying the 
nature and amount of food, and in this way, as well as by immediate action 
on the animals themselves, produces a considerable change. It is, however, 
pretty certain that extremes of temperature have chiefly to be regarded in 
considering the direct action of climate, as where there is considerable summer 
heat many of these creatures will easily withstand the action of the greatest 
reduction of temperature, even in the polar regions. The common mosquito, 
the flea, and the common fly, are examples of this. 

Mountain chains form natural barriers to the passage of most kinds of insects. 
As an example of the extent to which insects are sometimes multiplied, 
and, therefore, of the way in which they may be said to affect the aspect of 
any fauna, we need only refer to the following account of the condition of 
some of the great rivers of tropical America, and the swamps near their 
mouth. According to Humboldt, ' there is no rest in these spots at any 
hour of the day or night, or at any season of the year, so that whole districts 
are absolutely left desert from the impossibility of enduring life under such 
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toTtnre. N'ew species follow one another with snch precision, that the time 
of day or night may be known aocarately from their humming noise, and 
from the di&rent sensations of pain which the different poisons produce. 
The only respite is the interval oFa few minutes between the departure of 
one gang ana the aniyal of their successors, for the species do not mix. On 
some pa^ of the Orinoco, the air is one dense cloud of poisonous insects to 
the height of twenty feet. It is singular that they do not infest rivers that 
have black water, and each white stream is peopled with its own kinds ; though 
ravenous for blood, they can live without it, as they are found where no 
animals exist.' 

In Brazil, ihe quantity of insects is so great in the woods, that their noise 
may be heard in a ship at anchor some distance from the shore. The torrid 
ssone not only produces the most noisy, but the most brilliant and the most 
powerful insectis. Amongst the former are the butterflies of Africa, the East 
Indies, China, and America, which rival the lustre of metals in their colours ; 
and here also the forests, peopled with millions of fire-flies of various kinds, 
present to the eye an appearance almost like that of an immense conflagra- 
tion. The Termes, or white ants of Africa, build solid hillocks, and in the course 
of an incredibly short time can remove every particle of flesh even from the 
carcass of an elephant; the^r are so destructive in South America, that there 
is said to be not a manuscript in that country a century old. Spiders also, 
although there are more species in Europe tmin elsewhere, attain a gigantic 
size only in hot coimlries, where, as in Guiana, a species is found large enough 
to catch and devour birds. 

The migration of insects, like that of birds, is necessarily obscure to a 
certain extent, but tribes of Locusts are known occasionally to transport 
themselves from one country to another, in a mass so dense and so large as 
to form a visible cloud in the air, darkening the sun's light, and making with 
the beating of their wings a sound which is said to resemble the mstant 
murmur of the sea.* The main body when thus compacted, sometimes 
proceed to great distances, crossing the Mozambique Channel from Africa to 
Madagascar (a distance of 120 miles), and proceeding occasionally from Barbary 
into Itidy, Many other insects are remarkable also for the great distances 
of tiieir night, and the vast multitudes collected together for this purpose. 

The Crustaceans, which are also Articnlata, indude a number of marine 
species, chiefly Httoral, besides many from the fresh water, and some that are 
terrestrial. In the Polar seas they are found in great abundance, though the 
number of species is very limited ; and in the equatorial regions, while they 
are no less numerous, they present a greater diversity of form, attain a 
larger size, and exhibit in the highest perfection those peculiarities of 
structure by which the several groups are characterised. The Land-crabs are 
ehiefly remarkable in the table-lands (Ghats) of the peninsula of India, and 
in the West Indies. In the former country they are troublesome, and 
indeed dangerous,, by their extensive burrowings, but in the Antilles are 
eaten as food. 

The Annelids, like the Crustaceans, include inhabitants of the land, of 
fresh water, and of both shallow and deep ocean. Some also, as the Earth- 
worms, live permanently beneath the surface of the Earth* The^ occur in 
all climates, out are not able generally to wander far from the specific centre 
to which they belong. The marine species are chiefly httoral. 

155 Distribution of the MoLLUSCA aatd Eadiata. — The Mollusca are 
regarded as, on the whole, of lower organization than the Articulata, although 
they include amongst them one group {CephaU^oda) which approaches thet 



* * A fire devoureth before them ; and behind them a flame bcmeth : the land is as the garden 
of Eden before them, and behind them a desolate wilderness; yea, and nothing shall escape 
them. . . . Like the noise of chariots on the tops of mountains shall they leap, like the noise of 
aflame of fire that devonreth the stnbble, as a strong peq[>le set in battle array.' — JoeU ii. 3—5 
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Vertebrata rery doeelj. They are chiefly marine, although there are many 
f^esh-water and terrestrial specieB. The aquatic species are found in aU 
seas from the poles to the equator, but generally at moderate depth, some 
burying themselves in sand or mud, others in indurated day, and some bur- 
rowing into limestone rocks. Many species delight in quiet sunny nooks 
on the margin of fresh-water pools, others in rapid and mighty rivers, and 
others, again, in the depths of the ocean, but all are exceemngly dependent 
on local condition. We cannot better give an idea of the nature of the 
distribution of these and oiiier lower animals, than by quoting the following 
summary from the admirable memoir by Professor Edward Forbes on the 
Msean Invertebrata.* Professor E. Forbes divides the portion of sea to 
which his observations were chiefly confined into ei^ht regions of depth, 
each characterised by its peculiar fauna; ' certain species in each are found 
in no other, several are found in one region which do not range into the 
next above, whilst they extend to that below, or vice versd. ^ Certain 
species have their maximum of development in each zone, bein^ most 
prolific in individuals in that sone in which is their maximum, and of which 
they may be regarded as especially characteristic. Mingled with the true 
natives of every zone are stragglers, owing their presence to the action of the 
secondary influences which modify distribution. Every zone has also a more 
or less general mineral character, the sea bottom not being equallv variable in 
each, and becoming more and more uniform as we descend. The deeper zones 
are greatest in extent, the first or littoral zone extending only to two fathoms, 
the second from two to ten, the third from ten to twenty, the fourth from 
twenty to thirty-five, the fifth thence to fifty-five, the sixtn to seventy-nine, 
the seventh to one hundred and five, and the eighth to two hundred and 
thkty fa^oms; below this, at a dei>th of about three hundred fathoms, 
there are supposed to be no living animals.' It must not be imagined that 
exactly similar regions are to be met with in every sea, that there are always 
the same number, or that the limits of animal life are invariably the same as 
in the ^gean Sea. We take this as the best example that has been hitherto 
worked out, and there is no doubt of there being some determinable order of 
distribution in most other seas, whether confined or open. 

The indications as to climate or distribution which may be drawn 
from the examination of the Testacea will be found to vary, not only 
according to depth, but also from the nature of the ground. A comparison 
of the various animals of the lowest zones with those of the higher, ed^ibits 
also a great distinction in the hues of the species ; those from ^preat 
depths being generally white or colourless, whue those from the higher 
regions exhibit more usually brilliant combinations of colour. The chief cause 
of this is no doubt the increased amount of light above a certain depth, but 
the nature of the feeding-ground and the food must also exert a modifying 
influence. 

Every species has two motxima of development in space, one in depth, 
and another in horizontal area ; and in each we find a species at first repre- 
sented by a few individuals, which become more and more numerous till 
they reach a certain point, after which they gradually diminish, and at length 
altogether disappear. Sometimes the genus to which the species belongs, 
ceases with its disappearance, but not unfrequently a succession of similar 
species is kept up, representative, as it were, of each other. When there 
is such a representation, the minimum of one species usually commences 
before that of which it is the representative has attained its corresponding 
minimum. Forms of representative speeies are similar, and often omy to be 
distinguished by critical examination. When a genus includes several groups 
of forms or sub-genera, we may have a double or triple series of representa- 
tions, in which case they are generally parallel. 



* Reportt tfihe BritUh AitoeiaUan for ffne Advancement of Science, Coilc, 184S, pp. 154 ft 173. 
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' The consideration of the representation in space forms an important 
element in our comparisons between the faunas of distinct seas in the same 
or representative parallels. The analogies between species in the northern 
and southern, the eastern and western hemispheres, are instances. But there 
is another application of it, which I would make here. The preceding tables 
and list a£ford indications of a yery interesting law of marme di8trH)ution, 
probable a priori, but hitherto unproyed. The assemblage of cosmopolitan 
species at the water's-edjge, the abundance of peculiar chmatal forms in the 
highest zone where Celtic species are scarce, tne increase in the number of 
the latter as we descend, and when they again diminish, the representation of 
northern forms in the lower regions, and the abundance of remains of 
Pteropoda in the lowest, with the general aspect of the associations of species 
in all, are facts which fairly lead to an inference, that parallels in latitude are 
equivalent to regions in depth, correspondent to that law in terrestrial 
distribution which holds thai parallels in latitude are representative qf 
regions of elevation. In each case the analogy is maintained, not by identical 
species only, but mainly by representative forms ; and, accordingly, although 
we find fewer northern species in the faunas of the lower zones, the number 
of forms representative of northern species is so great as to give them a much 
more boreal or sub-boreal character than is presented by those regions 
where identical forms are more abundant.** 

The laws of distribution of MoUusca and Eadiata are not yet so distinctly 
made out as those affecting the Vertebrata generally, but they appear, from 
what has been said above, to be of very simimr nature. Certam seas present 
innumerable multitudes of some species, which do not extend beyond certain 
well-marked, if not narrow limits ; other seas are equally remarkable for a 
mixture of groups, and an absence of definite character. These points at 
first seem to present dLfl&culties almost insuperable to the proper working out 
of the various laws, for the exceptions are both numerous and unexpected. 
It is only when we include the element of time, and consider the laws of 
succession as well as distribution, that we find the explanation of such 
apparent anomalies ; and that the apparent disorder and confusion result in 
order, and a more distinct apprehension of the unity of plan and system 
throughout nature. We now proceed to examine briefly the evidence of such 
succession and representation in time, and thus connect the present history 
of the Earth with that past history, which, in the case of organized beings, 
is now recognised as a oistinct science under the name of Palaeontology. 



* Professor £. Forbes, ante «/4 
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CHAPTER XU. 
DISTBIBUTION OF ORGANIC BEINGS IN TIME. 

f 156. Nature of organte remains, and proof of the exietenoe in the Earth*« cnut of firagmento 
of Plants and Animals belonging to Species now extinct. — 167. Distribtttion of oxtlnct 
Mammalia in time. ~- 1 58. Distribution of extinet Birds. ~ 159. Distribation of extinet 
Beptiles. — 160. Distribution of extinct Fishes. — 161. Distribution of extinct MoUnsca. — 
162. Distribution of extinct Articulata. — 168. Distribution of extinct Radiata. — 164. Dis- 
tribution of extinct Plants. 

"jVTATUBJS of Organic Bemains, and Proof qf the Existence in the Earth* i 
U.1 Crust of fragments qf Plants and Animals belonging to Species now 
extinct — Most of the numerouB deposits met with in different parts of the 
Earth are, as we have already intimated, loaded with the remains of plants 
and animals of various kinds, but chiefly those of the sea, accumulated 
contemporaneously with the inorganic materials of the beds themselves, and 
therefore in most cases strictly indications of the actual condition of the sea 
bottom within a given area, and during a limited period. These remains, 
therefore, afford materials for a history of the past condition of life on the 
globe, and they afford indeed the most distinct information concerning this 
history. They are calledybm^ ; and the use of this word is now limited to 
such organic remains, as being of all things that are dug out of the Earth 
those or greatest interest to man in his efforts te penetrate into the past. 

The fossils that have been found appear to be distinct in all the essential 
characteristics of species from the recent animals and vegetables of the same 
district; and this is the case, whether we regard the living representatives, 
or those lately embedded in superficial deposits, or whether we look into 
those deeper and more metamorphosed beds, which from their position 
beneath a vast mass of fossiliferous strata, are manifestly of great age when 
compared with the existing creation. 

Every particular group of deposits in all parts of the world is more or less 
distinctly characterised, not only by its peculiar mineral character, but also, 
and far more distinctly, by the groups or species which together make up its 
fossil fauna and flora, lliese usually differ much less in any two adjacent 
conformable beds than in others which are separated by intermediate bands, 
whether such intervening masses contain organic remains or are destitute 
of them ; and they are also more alike then than when the beds are not 

Sarallel to, or have immediately succeeded each other, but have been 
isturbed between the completion of the lower and the commencement of the 
upper series. 

Generally it may be regarded as a law deduced from observation, that 
the species of animals characterising any one geological period have either 
originated during this epoch, or have then attamed Qieir maximum develop- 
ment in number. It also appears that species were on the whole more widely 
distributed at the time when the older rocks were being deposited than they 
are now ; that the departure from a given type or form is greater the farther 
back, or older, the formations that we refer to ; and lastly, that the remains 
of animals found in the older rocks exhibit by degrees, as we retrograde in 
order of time, a larger preponderance in number of invertebrated over that 
of vertebrated species, till at length we reach formations in which no 
remains are found higher in organization than the mollusca. 

The first of these laws — t^t which involves the statement that 'fossils 
are characteristic qf formations,* is one which is of great importance, as it 
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iiiTolyes two very distinct and startling assumptions — that the fossil remains 
found are those of animals and plants, of whicn not only the individual but 
the species is now dead, or extinct frcnn the Earth, and that there has been 
not one only, but a lon^ succession of creations of species to supply the place of 
those that have from time to time thus become lost. The former assumption 
has been so fully proved in every work on Geology and Falseontology ; is so 
clearly illustratea by the absence now of species once common, and their 
replacement by others ; and agrees so well with the probabilities of the case, 
that we must nere take it for granted. The occasional loss of species, genera, 
and even families, from their place in creation is now recognised by every 
naturalist, and we only refer to the subject to complete the line of argument. 
The successive creation of groups of species to repeople the Earth vmen old 
ones have departed seems, liowever, far more questionable, and it is more 
reasonable and more consistent with the facts that are known on the subject, 
that we should assume the introduction to have been very gradual, species 
after species, as occasion seemed to require. As in the different countenances 
of vanous individuals of our own race, there is a distinct expression in each 
individual, which identifies him, although all are of one species and possess 
innumerable points in common, so in the representative species of some 
important genus, we see the same kind of resemblance and difference ; and 
so also in the group of species of a certain epoch, we may recognise a 
physiognomical diaracter, which yet admits of these species being replaced 
m other groups by individuals resembling them, but not at all to be mistaken. 
The true meaning of the law seems, therefore, to be, that taking each forma- 
tion as including a group of deposits, formed under similar or very slowly 
changing circumstances for a certain duration of time, and represented in 
different parts of the world at that time by other species having similar 
resemblances and differences to those which are found to affect a fauna or 
flora now in different geographical areas, we may perceive by careful study 
that amount of unity (h character which will enable us to recognise the group 
of species and distmguish it from that found in other beds that are con* 
temporaneous, even when there exists no other evidence of their con- 
temporaneity. The actual limitation of a group of species to a particular 
group of beds has not, we beheve^ been at all satisfactorily proved with 
regard to any one case. 

The second law, 'that snecies belonging to more ancient periods had a wider 
geographical distribution tnan those now living,'* is also to be understood as 
true only in a general sense, and with many limitations and apparent 
exceptions. We shall, indeed, find in particular cases, that species of mani- 
fest importance are spread much more widely in older rocks than their 
representatives are now, or have been since; and as this is the case with large 
groups of those species which must themselves be regarded as higluy 
characteristic, in particular instances the law may so far be regarded as 
established. It has been mentioned as a deduction from the operations of 
this law observed in various ways, that the temperature of the Earth's surface 
has undergone change, and this, indeed, may have well happened from those 
numerous alterations that we know to have taken place with regard to the 
relative level of land and water, and the absolute quantity of land above the 
water. We believe the weight of evidence in this question does not prepon- 
derate in favour of the views of those who believe the Earth to have cooled down 
from an incandescent state since organic beings were introduced on its surface. 
The third law enunciated is, &&t the more ancient the formation, the 
more widely do its fossil contents depart from the existing type ; and this is 
really the simple expression of facts, made out by numerous lone continued 
and earefrd observations in various parts of the world, and may, therefore, be 
ftillyrelied on. 

The fourth and last of these laws asserts, that the faunas of the most 



* See Fictet's FaKontologie, vol. L p. 78, 
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ancient formations are, cateris parihus, nnmerically richer in animals of low 
organization, and chiefly in Mollusca, than those of more recent deposits; bnt 
this — although in one sense the mere statement of a fact which cannot now 
be Question^, since all observations up to the present time have tended to 
connrm it — ^is yet not to be received without some qualification. It may be 
said, indeed, as an answer to any theory of development, or of the existence 
of a scale of beings gradually approaching perfection, that although it is true 
in the ancient epom, that only the remams of fishes are found amongst 
invertebrata, and that even these at length disappear, yet the faunas even of 
the earliest periods are by no means imperfect, and we ought not to be hasty 
in assuming the absence of the more perfect types in the older rocks, merely 
because we have not yet discovered any remains of them. This is weu 
exemplified in the case of many parts of the world at present ; for putting 
aside the presence of man, we nnd the fauna of Asia apparently superior to 
that of Europe, if we regard merely the extreme point of organization, since 
in the former continent we have the Orang-otang, and in the Tatter scarcely a 
single ape, and few carnivores of large size. According to this rule, indeed, the 
fauna of Kew Holland would indicate a condition of the Earth greatly less 
developed than that of any other country, since the only mammals are 
didelphine ; but it is clear, tnat a very false notion of the general condition 
of the Earth's surface at the present time would be obtained by the most 
careful consideration of the organic remains found in the islands of the 
Indian Archipelago, and the Pacific Ocean. 

In point of fact, neither the Sadiata, the Articulata, the Crustacea, the 
Mollusca, nor fishes, were at all imperfectly represented or developed in 
ancient times, and ever since their first appearance, the members of these classes 
of animals have possessed the same degree of perfection as their modem repre- 
sentatives. It IS a mistake to suppose that the early faunas, generally, were 
composed of animals less perfect than the recent ones, although no doubt 
the highest point to which organization has reached, has risen during suc- 
cessive geolo^cal periods, so &at while cephalopods, or fishes, first formed 
the superior limit of organization, these were afterwards surpassed by reptiles, 
and these also, after an interval, by mammals. 

Two courses are open to us in this attempt to communicate a true notion 
of the distribution of animals in time. We might either take the various 
periods, or the natural groups of species, as the means of representing the 
absolute facts determined. Although, however, a correct idea would be best 
obtained by a combination of the two methods, we propose here to give 
only an outline of the various tribes of animals as they are represented 
in the faunas of different periods, leaving the other division of the subject 
to be studied in works devoted expressly to PalsBontology.* 

157 Distribution of extinct Mammalia in time, — Organic bodies generally 
are only preserved in strata, so far as they present hard and comparatively 
indestructible portions in their skeletons, and since most of the mammals, 
birds and reptiles, are land animals, while the greater number of deposits 
are of marine origin, the distribution of these is suso limited to such deposits 
as have originated either near land or near the mouths of great nvers. 
Amongst Quadrupeds, the teeth offer at once the hardest and the most 
distinctive characters, and these can rarely be mistaken, and are seldom 
injured materially by long exposure to decay. 

Amongst all the mammalian and bird remains that have occurred, but 
few belong to those rocks which are called secondary, and none at all to the 
PalsBOzoic group. With a very remarkable exception, occurring in the 
Stonesfield Slate (one of the beds of the lower OoLtes of England), no true 
quadrupedal remams so old as the chalk have yet been obtained. 

The remains of mammals are, therefore, almost confined to the rocks of 



* See The Ancient World, by the author of this treatise, where an attempt has been made 
to give a popular and connected view of the Earth*s organic history. 
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the tertiajT period, but are there very abundant. They include species of all 
tibe natural orders, with the exception of man, and no fossils that have been 
found require the formation of new orders. 

Of Quadrumanaf the nmnber of remains that have been found is small, 
but they offer matter of great interest for the comparative anatomist. Several 
species have been determined from India (lat. 30° N.) from the tertiary- 
rocks of the SewMik hills, one of them of gigantic size, and at least as large as 
an Orang-otaag. In Europe, also, the order is represented, one species 
having been found in France (at Sansans, in 4S° N. lat.), which is described 
as intermediate between the gibbons and solemn apes; and two species in 
England, in the older tertiary beds of the London Clay, which appear to 
belong to the group of Macacques (macacus). Remains of Monkeys, of 
^gantic size compared with the existing species of that continent, have been 
found also in Brazil. 

The remains of Bats (Ckiroptera), have been found scarcely more abun- 
dant than monkeys, and they are confined hitherto to the insectivorous 
group. Of these one species is mentioned by Professor Owen, from the older 
tertiary sands of Kyson (Suffolk), where the monkeys' remains occurred, and 
another is known (also older tertiary) from the Paris Basin. A single 
species is described from CSningen, in newer tertiary schists, and fragments 
of several species, some of them not extinct, have been found in caverns in 
England, Belgium, and elsewhere. A few species have been determined 
from the cavern remains of Brazil. 

The Insectivora present some extinct and some recent species in a fossil 
state, but considering the almost universal distribution of some tribes at 
present, and the aquatic habits of many of the species, it is perhaps remark- 
able that the extinct forms should be so very few, and so exceedingly rare 
as we find them to be. One species of Hedgehog, one of Shrew, and one of 
Mygale, have been found at Sansans, and an extinct genus nearly allied to the 
mole, but as large as the hedgehog, was associated with the gravel animals 
whose remains are found at Bacton, on the Norfolk coast of England. 

One of the most interesting of all the mammalian fossils found in the 
Oolitic beds of Stonesfield, and already alluded to as affording evidence of the 
great antiquity of mammals on the Earth, has been referred by Professor Owen 
to this order of Insectivora, under the name of AuMohitherium, For the 
evidence on this subject we must refer to Professor Owen's beautiful work 
on the British Fossil Mammals, p. 29. 

There are many more species of Camivora found fossil than of those 
orders yet referred to, Of the Plantigrade group, a considerable number of 
species, and, indeed, several new genera, have been described from remains 
found in caverns and other superficial deposits. Of the most remarkable 
and interesting is the great Cavern bear ( l7. Spekeus), whose bones aboimd 
in many large caverns in Grermany, and are met with also in England. Other 
species are Jmown from Central France, Algiers, Brazil, and the Sewalik 
hills, all, however, of the tertiary, and many of tlie gravel period. Species 
of Badger, Weasel, Glutton, and Coati, have also been found fossil. 

The Digitigrade Camivora are represented by fossils from most of the 
tertiary deposits. In the Paris Basin and other older tertiaries, we have the 
Dog (Canis) represented by two or three extinct species, while the Genette 
and the Otter exhibit one, and the cat- tribe (Felis) several. 

The middle tertiaries, however (chiefly in France and the Rhine Valley), 
contain more both of species and individual remains than the older, and the 
newer many more than both together, far the most remarkable and most 
interesting of the group belonging, in fact, to the gravel, except those which 
have been met with in Lidia, and of these the age is somewhat doubtful. 

Of gravel fossils obtained from England, and belonging to this group, we 
may enumerate the Felis spelaa, or cavern tiger; the MachatroduSfti gigantic 
carnivore of the most ferocious habits and of great strength; a Wild cat, the 
Cavern hyaena, the Wolf, Fox, and some others of existing or closely allied 
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fspedea. Besides the cavern hreana, other species occur in deposits of the 
same age in India and Brazil, and this is the ease also with the gpenus 
Felts, ^ which no less than six spedes have been described by Lnnd from 
the Brazilian caverns, varving in size from that of the jaguar to dimensions 
something less eonsideraole than those of the domestic cat, and presenting 
some cunons anomalies. The Amphibia are only at present known in a 
fossil state by two or three species of Seal, one found at Angers, one in the 
tertiary marls of Osnabnrgh, and others on the shores of the Mediterranean. 
Fragments of a fossil l^rse (Trickeekus) have also been described, and 
varions bones of Whales, both in this country and North America. 

The tribe of Bodents, although represented in a fossil state by many 
species, has not been very much studied. They have been found in the 
gypsum beds of Montmartre, in the middle tertiary beds of Auvergne, or 
m the diluvial deposits of caverns and osseous breccia. Asia and America, 
as well as Europe, haveyielded such remains, and many of those in more 
recent beds are with difficulty distinguished from existiiig species. Of the 
various tribes of these animals we find Squirrels and a species of Myoxtu in 
the older tertiaries, and an Arvieola, a Hamster, and others, in Auvergne and 
at Epplesheim. The Beaver, and an extinct and nearly allied, but gigantic 
species (P genus) (Trogontherium) are found in the newer tertiary, and many 
others occur in the gravel, among which, in Europe, may be redconed repre- 
sentatives of most of the chief existing European genera, and in America a 
multitude of new species closely allied to the forms at present existing in 
that continent. 

The BuminanU, infinitely important to man, and now extremely abundant 
in individuals, varieties, species, and genera, did not present the same prepon- 
derance during the later tertiary periods, and were, it would seem, exceedingly 
rare during uie earUer part of this last portion of our Earth's history. 
Many species, very nearly allied to the group and distinctly representative 
of it, are referred to the order of Pa^dermata, and those that remain 
are confined to the gravel or newest part of the period, except, indeed, that 
the deposits of India prove their existence in that country at a much 
earlier period. The Indian species include two Camels, and a third occurs 
in Siberia. One or two species of Moschus (musk-deer), species of Antilope, 
Cerms, Bos, Bubalus, and others, are found in the same locality. In 
addition to these, there has been found another and very remarkable genus 
(Sivatherium), now quite extinct, in which the head is not only provided with 
horns, like other true ruminaats, but no less than two pair appear (including 
both those now characteristic of principal natural groups of the order), and 
witli these are associated peculiarities of the skeleton, apparently indicating 
a v^ close approach to the pachyderms, and especially the elephant. 

The ruminants of the duuvial period in England, and of me caverns of 
Brazil, and other parts of the world, include numerous species, very nearly 
allied to those now indigenous in the same districts, but others as remarkably 
distinct. Thus, the gigantic Irish elk and several species of Cervus (deer) 
afibrd admirable examples of the former, and the existence of remains of a 
Girafie in Central France not less striking evidence of the latter condition. 

The distribution of the Bachydermata during the tertiary period in 
especially interesting, as it is chiefly from this order that the most striking 
and characteristic, and even representative forms, seem to have been obtained 
during the earliest part of the tertiary neriod. The extinct species are also 
interesting, since, in many cases, they fill up gaps now existing in the order, 
and connect this with the not very similar groups of Buminantia, Bodentia, 
Carnivora, Cetacea, and Marsupialia. The laennsB thus filled up show how 
complete the scheme of nature is, and they show also, that durmg one part, 
at least, of the Earth's history, and over an extensive portion of the surface, 
one ^up of quadrupeds preponderated, and included animals having all 
varieties of habit, just as, at the present time, the marsupial tribe is developed 
in Australia, almost to the exclusion of other races. 
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The most andent fomui of Pachyderms are those described by Cuvier 
under the name Tctkfotherium, Ancploiherium, Anthracotherium, Hyraco- 
ikerium, Zophiodonf &e. These gaye plaoe to Dmotkerium, Ekinoceros, &c.; 
and these tigainto Mastodon, Elephant, o^er species of Hhinocerog, HippopO' 
tamus, &c., in the Old World, accompanied (not replaced) by Macraucheniot 
Toxodon, and others, in Sonth America. In India, there were besides these a 
number of very curious species, forming an exceedingly rich fauna, to which the 
order Pachydermata furnished t he g reatest number of species, and appears 
most to affect the phj»ognomy. We need not here describe the peculiarities 
of these singular animals, as they will more properly come under considera- 
tion in the next chapter. In England, of about twenty mammals distinctly 
made out from the older tertiary beds, more than twelve are Pachyderms ; 
but from the deposits of more modem date, although the number of mammals 
is very much more considerable, there are but seven from the i^ravel beds, 
seven from caverns, and three from the alluvium, and this relative prepon- 
derance m the older rocks of the period seems universally observable, 
although it is most strikingly the case m the beds found near Paris and those 
of the Xiondon Basin. It is worthy of remark, that the physiognomy of the 
fauna is very greatly affected by this order in the older tertiaries, not only 
because there are so many representative forms of the other, and more 
recently developed natural orders of quadrupeds, but because the multitude 
of individuals as well as species, and^the largest and most important of the 
quadrupeds, were of this kind. 

The Edentata are now almost confined to South America, only a few 
representative forms extending to Asia and Africa. Their distribution in 
ancient times was apparently not very different so far as geographical area 
is concerned, as the fossil remains nave hitherto been found only in the 
present metropolis of the order. The extinct species are, however, extremely 
different in form and magnitude from the existing ones, presenting some of 
the most extravagant departures from existing tj^es yet met with, so that 
though the number of species is not large, their investigation becomes a 
subject of great interest. The remains of the ^gantic representations of 
the Sloth and Armadillo range, however, more widely than the speciea now 
characteristic, at least one genus (MeaaUyMfx) having reached as far north 
as Virginia, U.S., while others extended far down into Patagonia. There 
are two principal groups, one represented by the Megatherium, Mylodon^ 
Megahnyx, aceUdotherivm, CoBlodan, and Sphenodon, the corresponding 
existing genus being the Sloth. The other group contains Glvpt-odon, 
Soplophoms, PachythervHm, Chlanwdotherimn, and two others, which all, 
more or less, resembled the Armadillo. One or two fragments of bones from 
the Plata have been doubtfully assigned to animtds of which the Ant-eater is 
the modern type. Most of the genera above-named are confined to a single 
species, and they are all of the very recent tertiary period. 

As the Edentata are chiefly found fossil in Ainerica, where the existing 
forms appear, so the order Margupiata, at present characteristic of Australia, 
is that to which the greatest number of mammalian remains of the same 
country must be referred, and few occur elsewhere. There is, however, 
one remarkable exception in the Stonesfield Slate, where a Didelphine 
species has been discovered accompanying the Insectivorous mammal before 
described. With this exception, and a couple of species in the older 
Tertiaries of London and Paris, all the extinct forms are Australian, and 
include Kangaroos, some of them of gigantic dimensions, and a Wombat, 
They occur in caverns, chiefly in Wellin^n Valley, about 200 miles north- 
west of Sydney, New South Wales. 

1 58 Distribution of extinct Bibds . — The remains of birds occur but rarely, 
and are usually very imperfect. Eootmarks, however, have been found which 
it is difficult not to refer to animals of this kind, in rocks of very ancient date, 
and thus the class of birds may be referred back much further in date than 
the mammals. Impressions of birds* feet occur in the red sandstone of 
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Connectieat, Uidted States, and in beds of similar mineral compositian, and 
belonging to the oldest portion of the secondary series in England and 
Germany. The former have been generally described as carboniferous ; the 
latter are certainly from the newer red sandstone, above the magnesian 
limestone. The evidence on which the correctness of their reference to birds 
may be considered to rest, arises from the shape, which requires that the 
animal that made them should have been a biped — ^that the feet should have 
been tridactyl or three-toed, the middle toe much the longest, and each 
terminated with claws, and that sometimes there was a fourth short toe 
behind. It cannot be regarded as impossible that reptiles may have been so 
constructed as to leave impressions or this kind, and as few remains of birds' 
bones have been found in other rocks of the secondary period,* but little 
evidence concerning these animals is obtained till we examine the older 
tertiary beds of the JParis Basin. There, however, and in the London Basin, 
and aeain m numerous other tertiary rocks where circumstances were favour- 
able ^r their preservation, such indications are found as leave no doubt that 
Birds accompanied the Pachyderms, Carnivores, and other representatives 
of the class Mammalia, in tolerable abundance. The older tertiary species 
include a Vulture from the London Clay, a species referred doubtftJlv to the 
ICing-fisher tribe (HalcyonicUe), and a small wading bird from beds of the same 
age, oesides several related more or less closely to the Pelican, Sea-lark, Curlew, 
vV oodcock. Owl, Buzzard, and Quail, from the Paris Basin. The newer tertiary 
beds have also supplied several species ; and in the gravel, or in caverns, there 
have been found remains of species of Baven, Lark, Pigeon, Duck, and Snipe. 
Li South America, and especially in Brazil, where caverns have been so 
effectually searched for fossil remains by M. Lund, there have been found 
fragments of several birds, amongst which may be mentioned two Ostriches 
much larger than existing American species ; while in New Zealand other 
remains have been found m great abundance, distinctly referable to an extinct 
and gigantic race of wingless birds — the prototypes of the small Apteryx, at 

5 resent characteristic of the same island. Many species of these nave been 
escribed, and various genera named to include them. 

159 Distribution of extinct Beptiles. — The distribution of reptiles in 
time IS a matter of great importance to the Geologist, inasmuch as these 
animals seem really to have been the chief inhabitants of the Earth during the 
middle period of its existence, and their remains are not only more abundant, 
but more perfect, and also more distinct from the existing representative 
species — at least so far as the continent of Europe is concerned — than any of 
those hitherto considered. It is here first that new orders require to be 
defined, to include species far removed in habit and structure nrom known 
forms, and some of these are so strange that description can hardly exaggerate 
the singular departure from all we are in the habit of considering. 

If me reader refer to the list of orders of Iteptilia in a previous page, 
he will find three mentioned as not existing now in a recent state, and 
known only by organic remains, found in ro<S:s chiefly of ancient date. In 
addition to these three, however, all the existing orders have some fossil 
representatives, and some of them a considerable number, contained in 
genera which can no longer be recognised as including recent forms. We 
proceed to consider brie^ the distribution of the different species of fossil 
reptiles in time. 

The most ancient reptilian remains are those which accompany the sup- 
posed birds' footprints m the Carboniferous (P) sandstone of Connecticui 
We find also various footprints in these rocks which have been referred 



* One spedmen was found by M. yon Meyer in the cretaceous slates of Claris, having the 
form and general characters of passerine birds. Another specimen, from the Wealden beds of 
Kent, is referred very doubtfully to albatross, and a large wading bird has been determined from 
Tilgate Yotee^ (also Wealden.) 
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cMefly to Chelonia (turtles and tortoises), and similar markings liave some* 
times been described as fossil footsteps in the sandstones of ancient date in 
our own island. 

The most ancient actual bones of reptiles hitherto discovered occur in the 
magnesian limestone beds of the neignbourhood of Bristol, but it may be 

fermitted to doubt whether these are not rather of the secondary than the 
^alaeozoic period. In the middle beds of New Bed Sandstone in Cheshire 
and Warwickshire, many very interesting fragments of bones have been 
met with besides footprints, all tending to prove that at that period many 
reptiles existed, varied in form and dimensions, and belonging probably either 
to the Batrachian or the Lacertian order. Beds near the Cape of Good Hope 
{South Africa) have yielded also fossils which partly from independent 
geological evidence, but chiefly from the character oi these remains them- 
selves, are regarded as older secondary. Numerous footprints in the New 
Bed Sandstone seem beyond a doubt reptilian. 

The rocks of the secondary period form a perfect necropolis of the reptilian 
tribe^ and in the Lias, which succeeds the New Bed Sandstone, we find a multi- 
tude of remains of the Ichthyosaurus and Plesiosaurus, the chief representatives 
of the order EriaUosauria, These remarkable animals, which were apparently 
strictly marine in their habits, and even more thoroughly adapted for aquatic 
existence than the cetacean mammals, were singularly abundant in the 
argillaceous bed alreadj^ alluded to, but continued, not only by the preserva- 
tion of the genus, but in some cases by identical species, through the whole 
oolitic series into the chalk, receiving an additional genus during the deposit 
of the newer oolitic rocks. In the lower Oolites (Stonesfield Slate, already 
more than once referred to for its fossils) the order Dinosauria also appears, 
and is represented by the carnivorous and gifirantic M€aah8awru8,wl[dch. appears 
to hare contmned where circuiustanceB ^tted, imd in the newest part 
of the Oolitic period (Wealden) was accompanied by the Iguanodon (a herbi- 
vorous genus, also gigantic), and the HylcBosauirus, Not only, however, were 
these two remarkable orders of marine and land saurians first presented 
during the middle part of the secondary period, but they were accompanied 
by the JPterosauria or Flying saurians, a race yet more unlike existing forms 
and the inhabitants of the air. The only genus yet described by these 
animals (Pterodactyl) appears first in the Jjias, but was continued like the 
marine tribe into the Chalk, and presents, like the others, a considerable number 
of species. It is chiefly in England and Western Europe that these remains 
have been foxmd, since there the ooHtes are chiefly developed, and seem to 
have been accumulated under the most favourable conditions. » 

The order of Crocodilian or mailed saurians, was richly represented in the 
secondary period. Of the three divisions (those of which the vertebra are 
bi-concave, convexo-concave, and concavo-convex, respectively), the first 
contains the Teleosaurus, a kind of gavial, extending from the Lias into the 
Middle Oolites, and another genus, also oolitic, besides two generic forms 
{Suchosaurtts and Ooniopholi^, both Wealden. The second (convexo-concave) 
contains several species, the older ones occurring in the Lower OoUtes, and the 
newest in the Wealden ; while the third (concavo-convex) includes all the 
existing crocodiles : one doubtful cretaceous species, several of the tertiary 
period, from the London and Paris Basins, and some of the middle tertiary 
deposits of Central France. 

We have already referred to the Lacertians, as containing the most 
ancient representative forms of the great BeptQian class. Besides those 
already mentioned, there is another New Bed Sandstone species, referred to 
a distinct genus (Cladyodon), whilst the Geosaurus is foimd in the Solen- 
hofen (Upper Oolitic) beds, besides two or three genera met with in the chalk, 
of which that called Mosasawrus is the best known. The Leiodon is 
nea.riy allied. 

The Chelonians, recognised by numerous foot-nrints in the older rocks 
and New Bed Sandstones, are distinctly exhibited, by fragments, in a fossil 



380 FHYSICAL GEOGRAPHT. 

state, in the oolitic beds, but they are almost confined to tlie Stonesfield slate 
in Eni^landy thoii£[h on the continent of Europe some of the other oohtie 
rocks have yielded similar indications. In the Wealden rocks more nnmerons 
and characteristic fossils of this kind appear, and, like the others, they belong 
to the emydian tribe, inhabiting marshy and swampy places. The tme 
fre^-water turtles are found in the triassic rocks ana uas, and in several 
tertiary dc^posits. True marine turtles (Chelonians) have been found in the 
Portland and Furbeck rocks, and in various tertiary strata^ especially of the 
older part of the period. 

The fossil remains of Serpents (Ofhidia) have not been found in rocks 
older than the JLondon Clay, and only a few species have been described 
from that localiiy. These animals appear to have had gigantic repre- 
sentatives during we older tertiary period in Great Britain, out since men 
have disappeared firom these parts of the world, or at least have left only a few 
species oi comparatively small size. The Batrachiaks, also, once presentiiiff 
very remarkable forms, approzimatii^ them to the Crocodilians, have not (n 
late exhibited any aberrant forms, fragments of frogs and salamanders are 
found, occasionaJly, in tertiary rocks, but few striking deviations have been 
seen amongst the more recently deposited fossils 6om the most ordinaiy 
existing types. 

1 60 JjistrUmtion qf extinct Fishbs. — Most of the deposits containing 
fossils having been formed under water, it is not astonishing that a very 
large proportion of the organic remains preserved should have belonged to 
marine animals ; and thus it follows, that although rarely so characteristic, 
or in themselves so valuable for determination, the remains of marine 
fHiinifJa afford, from their number and preponderance, the principal means 
of becoming acquainted with the ancient conditions of life on the globe. 
Fishes, as the most highly organized of marine animals (except, indeed. 
Cetaceans, whose remains are rare and comparatively unimportant) thus 
assume an importance in Falseontology, which they do not possess in general 
Zo olog y. 

We have spoken above of the division of fishes into four orders, according 
to the structmre of their scales. Of these four orders, two are absolutely 
confined to the rocks of the Cretaceous and Tertiary periods and existing 
seas. The other two are also still represented, but by comparatively few 
species, and these, with the exception of the Squaloid, or Shark family, not 
tne most important ones. It thus happens that tne termination of the OoUtic 
(including the Wealden) period, exhioits the most perfect break in the whole 
series, so far as this class of animals gives evidence, and two families of fishes 
(the Sturgeons and Bays) 4dso take their rise at the commencement of the J 
secondary period, while the Hybodonts disappear at its termination. It is ^ 
worthy of note, that not only are the fishes ot the Palaeozoic period limited J 
to two of four of the natural orders, but they are confined to one group 
of these, characterised by the continuation of the vertebral column into 
the upper lobe of the caudal fin, producing a much more considerable deve« 
lopment of that part, and thence called Heterocercal. These, which were 
abimdant during the Palaeozoic or Older fossiliferous period, then became 
very rare ; the rocks of the secondary series chiefly present liomocerccd fishes, 
or uiose which have the caudal fin equally developed, and proceeding entirely 
from the extremity of the vertebral column, or at least have very few that are 
of the other kind. 

Of the different groups of Fishes, the Acanthodians and Dipteria/ns (two 
families of Ganoids, nearly allied to the Zepidoidt), and the Cestmctonii 
(Placoids), were first introduced, and have been found together in the Old 
Bed Sandstone (Devonian) rocks, and the latter also, though very rarely, in 
Silurian rocks. The number of species in the older rocks is not con- 
siderable, but gradually increases towards the newer beds, and becomes 
rather numerous in tne Carboniferous rocks, several complete genera 
being introduced and lost during the interval. Amongst these are the 
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singiilarly fdrmed Cepiahupid^, the Pterichthys, the Coceogteus, and otliers 
among me Lepidoid group, and also several Sanroid fishes, as Dpplopterus, 
MegalicthySt and others, while in the Magnesian Limestone, where the 
Fai^zoic rocks terminate, and the Heterocercal fish cease to he ezclusiyely 
present, the Pygopterus, Acrolepis, and some other genera of Sauroids, with 
the Paheoniscus (£epidoid), make their appearance, but are not continued into 
the secondary rocks. 

Taking the difierent families of fishes, and commencing with the Lbpi- 
BOiD ganoids, we find that the heterocercal genera, of which there are six 
(not mcludiii^ the Acanthodians and Dipterians), include four absolutely 
confined to rocks not newer than the Carboniferous, and two (^Palaoniscus 
and Platysomus) only just extending into the trias. There are still remaining 
the whole tribe of homocercals, including ten genera and many species, which 
are exceedingly common, and highly characteristic of the lias and some 
newer oolitic beds, extending in one instance (Lepidotus) into the chalk. The 
lias may, however, be regarded as the metropolis of this group ; at least 
thirty-two species being known in the English beds alone, and many others 
occurring in the lias on the Continent. Of the difierent genera, Gyrolepis is 
carboniferous and triassic ; D<wedvus and Tetragonolepis almost exclusively 
liassic ; Zepidotus widely distrmuted throughout the secondary period ; and 
Pholidoporus chiefiy Wealden. 

The Sausoid, like the Lepidoid family, is widely spread among fossili- 
ferous rocks, and the Ccelacanths, in some respect analogous, may be 
considered as having a similar distribution in time. The heterocercal genera 
range between the Old Red Sandstone and the Trias; one genus {Saurichihys) 
being triassic exclusively, and others confined to the old red and carboni- 
ferous rocks. Of the CoBlacanths there are also several carboniferous and 
older genera, Megalicthya being the most remarkable. 

The homocercal Sauroids are chiefly oolitic, where the number of species 
is exceedingljr large. The family of Ptcnodonts are almost all oolitic, but 
may be considered to ran^e from the trias to chalk. The Sclbhodbbms, 
another family, is found m cretaceous rocks; but extends and is chiefly 
^mmon in the older tertiaries. The Accifbxsbbides (Sturgeons) includfe 
one supposed lias genus, and one from the London Clay, besides the existing 
Sturgeonfi. 

Ine order of Placoids, divided into seven families, is represented in a 
fossil state by genera referred to every family but one (Cyclostoma). Of 
these, the most important amon^ existing fishes are those least abundant in a 
fossil state, and the converse is also true, the CestracixmU having only a 
few Hving species, while the Rays and Saw-fish are rare among extinct forms. 

The oldest placoid fishes are Cestracionts, but the greatest development 
of the family seems to have taken place about the close of the carboniierous, 
and commencement of the secondary period, and they are now represented 
by a single species. The Hyhodonts commenced in the carboniferous period, 
and extendea only to the cretaceous rocks ; but like the Cestracionts, the 
chief species are triassic and oohtic. Of sharks (Squalaids), there are 
representative forms from the commencement of the carboniferous to the 
existing period, the cretaceous rocks generally containing perhaps the greatest 
number, although many teeth are found, and some of gigantic size, in the 
middle tertiary series. The rays and saw-fish have been found only it 
tertiary rocks, but the Chimeroids appear to have extended over a much 
wider range, remains having being found occasionally in the carboniferous 
limestone. 

The Ctenoid and Cycloid orders of Agassiz, include a very large proper* 
tion of idl existing fishes, but not a single species older than the chidk. The 
Perch family amongst the former, and the Scomber and other families, of 
which the carp, the pike, and the herring are now well known genera, are 
those chiefly represented in the ancient seas. It is remarkable, however, that 
the fossil species are usually of distinct generic character, and not unfre- 
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quently form into a group or sub-family, showing some more oir less striking 
peculiaril^. Thus, mere is a distinct group of perch-like fishes in the creta- 
ceous rocKS, having more than seven rays to the branchioste^ous ray, and dif- 
fering absolutelv in this point of structure from the eiistmg species. 80 
alsouie Sparoia fish (Dentex, &c.) are found onlf fossil in the Monte Bolca 
(older tertiary) beds. Most of the other Ctenoid, as well as the Cycloid 
fishes, are represented either by a few species of known genera, or by genera 
now altogether extinct. Many more are found in the tertiary ihan. the 
cretaceous rocks, and the beds of Monte Bolca are especially rich in individuals 
as well as species. The following tabular statement of the distribution of 
fossil British species determined bv M. Agassiz some years ago, will, if not 
ouite accurate, give at least a useM idea of the subject. It must be observed, 
tnat the number of British tertiary species is exceedingly small; compared 
with that from other countries. 



Tablb I. — Choupingqfihe Species qf British Fossil Fishes. 
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Total species 650 



Cycloids 

Ctbnoids 

Placoids — 

Cestradonts 
Hybodonts 
Sharks ... 
Ra^B 
Chimeroids 



Tablb II. — Distribution qf* British Fossil Fishes in the Principal Groups 

of Formations, 
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161 Distribution of extinct Mollusca. — Of the various natural groups of 
mollusca, or shell-bearing animals, which have left behind them distinct 
indications of a former state of existence, the Cephalopoda are among the 
most remarkable and abundant, especiaUy in the older and middle series of 



« The species of FlacoidB thus designated, are determined only fiom Ichthyodomlites^ 
except in some cases, (especially on the Silurian list,) where they hare not yet heen referred 
with certainty to any natoral family, and may be either Placoids or Ganoids. 



DISTRIBUTION OF ORGANIC BEINGS IN TIME, 383 

rocks. The Gasteropoda, of wliioh the limpets and whelk are examples, and 
which now inclnde the large tribe of onivalye shells, are also well indicated by 
a rast number of species, while the Ckmehifera (the bivalTed-shell animals) 
are presented in a number of different forms, gradnallj approximating those 
of existing species as they approach onr own times, but affording m the 
older rocks generally a smgular preponderance of IJie group cal&d Bba- 
CHioPODA, represented now by the Terehratula, 

Beginning with those of highest organization, we find the remains of 
Cephalopoda of simple and long extinct forms in the most ancient of fosili- 
ferous rocks. The genus Orihoceras, and others nearly allied, (Gomphoceras, 
Oyrtoceras, Phra^moceras,) are thus enormously deyeloped in the Silurian and 
DeYonian rocks, while Nautilus, CUfmenia, and afterwards Chmatites, present 
numerous Deyonian and Carboniferous species, and a singular preponderance 
of individuals greatly affecting the physiognomy of the fauna. The nautilus, 
retaining its general form ana structure, was in the secondary period accom- 
panied by the numerous members of the genus Ammonites, which, attaining 
a maximum of development in time towards the latter part of tiie period, 
entirely died out before its close. Peculiar forms of the shells of these 
animals are to a very remarkable degree characteristic of particular beds or 
groups of beds, and thus in the ehaSk, the form which at first was a com- 
paratively simple spiral, became greatly varied, and often exceedingly 
different from the normal type. The genus Belemmtes, although rather less 
widely difiused, contains some of the most doubted and least recognisable of 
shells, partly from the great simplicity in the external surface and form, and 

J)artly m>m the varieties of growth and accident to which it was subject. No 
ess {nan twenty-five genera of ancient Cephalopoda have been determined, of 
which only two are now living, (Sepia and Nautilus,) and but three additional 
ones can be found in all tertiary deposits hitherto known. There are nine 
genera PalsBozoic, (seven of them from the lower rocks,) fit\een are lower 
secondary, and six upper secondary. Of all the genera,' Amm^tes is that 
most abundantly represented ; and it has been found convenient and useful 
to separate its very numerous species into no less than twenty-one e^ups, 
formmg seven divisions of the ^enus, characterized chiefly by the shape of 
the back of the shell. This division is considered to be natural and gives 
nroof of marked modifications of form, having reference to epochs of time. 
It wajs introduced by Yon Buch, and has smce been slightly modified by 
M. A. D'Orbigny. 

The species of Gasteropodous MoUusks, found in the oldeist or Silurian 
rocks, are comparatively few, and are difficult to determine accurately, 
although many have been referred to existing genera. The well-known 
genus I^atica, the patelliform Capulus, and the Ch%ton, are considered to be 
truly represented in these ancient rocks, but with these there are a number 
of others, more or less resembling Littorlna, JNerita, Patella, Trochus, Turbo^ 
and Turitella. There are many others to be added to the list. 

Taking, however, a wider range, we find amongst the principal genera of 
these univalve mollusks, only ten acknowledged, and five doubtfuT ones, in 
the whole lower PalsBozoic group of rocks, and only sixteen admitted, and 
ten doubtfol in the upper P^ozoic series, most of the genera in the older 
being also included in the newer rocks. Of these, all wimout exception are 
marine, some being littoral or inhabit shallows, but most of them occnrring in 
deep water. In Ike lower secondary rocks we have sometimes thirty-six 
genera, and in the upper secondary lorty-six, while throughout the tertiwry 
rocks the order is represented in 106 genera, including a number of terrestrial 
and fresh-water species. 

The CoNCHiFEBA, or bivalve mollusks, are very scarce in a fossil state in 
the oldest fossiliferous rocks, and exhibit some singular and long extinct 
fonns. The Avicula and Pecten are the first known genera distinctly reco- 
gnisable, but with them are associated several others, that have been doubt- 

y, and in many cases wrongly, referred to such groups as those which now 
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indude the cockle, the nnra* the muscle, &o. It is in the C8rbonife]X)iiis lime- 
stone that shells of this kind first become common, and Ireland is espedallj 
rich in specimens. The species of Arccusea are especially characteristic of this 
amonff the ancient formations, and in the still newer deposits of the Oolitic 
period^ where fossil shells of all kinds are nnnsuaUy abundant, this family is 
nearly approximated to the existing divisions. Besides these, we have also 
in the Oolites species of Corhtla, l^orina, the JHfytilaoetB, the VeneridcB, the 
JjudfUB, Aitarte, Lima^ and Crenoitula, ' The genera most developed in 
Bri^h strata are, PholctdorMfa, of which nineteen species are enumerated, 
Modiola (17), Area (23), Nueula (11), Trigonia (13), AMtarte (22), Cardhda 
(12), Cardinm (12), Isocardia (11), Fecten (31), Lima (23), QervUlia (10), 
and Ostrea indudmg Chyphaa (33). Some genera, of which there are few 
species, are also highly characteristic, as Pema (2), Pholas (2), Pano^aa 
(several), Opis (2), myoconcha (1), L^siaTuusa (4), Sippopodium (1), and 
Corbis (3). In me firesn-water beds of^^the Wealden numerous well-marked 
species of Unio occur, with Chfclaa and Dreissena. The British cretaceous 
fossils of this family have considerable relations with Oolitic forms, and in 
some few instances (as QervUlia aviculoides) appear to be identical. The 
greater number occur in the Greensand, or Lower cretaceous series, and 
mdicate the formation of these beds to have been in shallower water than 
that in which the chalk was deposited. The genera greatly developed are. 
Area (12), Nueula (11), Trigonta (12), Venus (17), Iiwceramus (17), Ostrea 
with ChyphoBa (20), Lima (12), Peeten (14). Tne presence of true species of 
CrassaieUa, Cworina, Cardita, Solen and Sponmlus, is worthy of note. 
Pholadomya, PanopoM, Corbis, Carbula, Isocardia, Anomia, Avicula, Ger- 
villia, Piieatula and Peden, have well-marked representations among 
British crestaceous fossils. 2%etis is a remarkable genus of this period."* 

The Eocene or older tertiaries contain a vast number of species referable 
to known genera, but all, or almost all of them are now extinct. In the upper 
tertiaries, a larger proportion of existing species is met with, and the pre- 
vailing and characteristic forms assume a much closer resemblance to those 
found in the vicinity of the spot containing such groups. There are also 
many generic forms of these snells in foreign beds, not known in our own 
country, and there appears to be a grouping which gradually resembles that 
now observable. Many species found fossil on our own shores and belonging 
to newer tertiary deposits, have also been met with under other circumstances 
and in distant spots, still livin^.f 

The general character of the bivalves of the middle part of the tertiary 
series in^ngland is Mediterranean, or rather Lusitanian, and of the newer 
part, mixed Mediterranean and northern, while still newer beds occur whick 
are essentially northern, and even arcticij! 

The remarkable shell-bearing animals called Bjllchiopoda, although 
somewhat rarely represented in existing seas, must at otie time have jdayed 
a most important part in the animal economy, and even greatly anected 
the physiognomy of many ancient and now extinct faunas. T&y seem to have 
been tne earliest introduced of all moUusca, some species of tdngula^eing 
the oldest fossils known. They soon and greatly increased, and the typic^ 
forms of genera, and more important groups, were at once amongst the 
most abundant, and the most remarkame of the forms of organic life of 
which any remains are left. 

Of these animals more than 100 species have been determined &om 
British Silurian beds alone, the genus Ortkis (50 species) being most 



« See the descriptiye letter-press attached to the Pal«ontologi<Md Map, by FroC £. Forbes, 
in Johnston's Physioal Atlas. 

t This is the ease also with the iixiiyalves, as a remarkable Funu^ (F. contrarhu,) longr siq>- 
posed to be confined to the fossil beds on the east coast of England, has lately been foond 
occupying a definite position as a recent species on the coast of Spain. 

X B. Forbes, ante eii. 
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remarkable. Leptcena (20 species) is also characteristic, and Pentamerus is 
confined to this group of rocJcs. Spirifer, Terehratula and Ai/rypa, Orhicula 
and Crania, and a few Producti have also been described. In the Devonian 
period Spirifer increases, StrigocephaltM replaces Pentamerus, Productus 
increases, Orihis decreases greatly, Leptcsna continues, and Calceola (a new 
genus) is added, and is exclusively of this jperiod. In the carboniferous rocks, 
Spirifer and Prodtwtus, and Chonetes with Terehratula, include almost the 
wiiole number of Braohiopods, which, however, are enormously preponderant 
in number of individuals m many districts. In the Permian rocks the whole 
group has fallen back into a few unimportant representatives, thirty-seven 
species only being known. 

The genus jSrehratula is in a high degree characteristic of the whole 
seconda^ period, and only a few Spirifers, with Crania, Lingula, Orhicula, 
Magaa, and others, interfere with its presence. In the tertiaries, tiie 
shells of Brachiopods are almost as rare as in existing seas. A remarkable 
and anomalous extinct group, which imder the name Rudistes have attracted 
much attention, but hive not been satisfactorily explained, are peculiar to 
the rocks of the newer secondary period. 

163 Distribution of extinct Abticxtlata. — Of this gi*eat and important 
class, now represented by so many thousand species 01 insects, Oirrbipeds, 
Annelids, ana Crustaceans, but few remains, comparatively speaking, nave 
been found in a fossil state. Some of the few, however, exhibit great interest. 

Of Crustaceans, the family of Trilohites, now totally absent, seems to 
have been eminently characteristic of Palaeozoic formations. There are 
several groups, chiefly from the Silurian or lower part of the Palaeozoic 
series, and the species that occur in the Devonian ana Carboniferous rocks, 
are for the most ^art few in number, and not remarkable for any full repre- 
sentation of individuals, or any marked peculiarity of form, with the exception, 
indeed, of the genera Brontes and Ha/rpes (Devonian), and Griffitkides (Car- 
bonifi^ous). Many other Crustaceans appear in the carboniferous rocks, 
but they have not been found in sufdcient abundance to aflect the general 
character of the group of fossils. 

The Oolitic rocks, and indeed all the rocks of the secondary epoch, from 
the Lias to the Chalk, present numerous and interesting Crustacean remains, 
many of them peculiar, but all approximating much more to the existing 
forms than the Trilobites do. The lias contams several species resembling 
the lobster and prawn, and these as well as species of crabs, &c., are continued 
and multiplied in the oolites of England, and the upper oolitic beds from 
which the celebrated lithographic slate of Solnhofen, in Bavaria, is obtained. 
Oilier Crustaceans, both crabs and lobsters, or rather representatives of these 
tribes, are found occasionallv in the lower cretaceous beoiB. The London Clay, 
and other tertiary beds, botn in England and elsewhere, contain remains of 
various specific forms still more nearly allied to the inhabitants of the adjacent 
seas. Some species of small Crustaceans of lower organization, {Ch^pris, &c,), 
have been met with abundantly in various parts of the newer palsDozoic, the 
secondary, and tertiary series. 

Iksbcts have left remains in various rocks, but they are generally too iU 
preserved to enable us to distinguish any very important characters. In the 
oal measures the body of a scorpion, the remains of wings of flies, and the 
win^-cases of some beetles have been described, and in tne lias and lower 
Oohtes numerous fragments^enerally imperfect, have been the objects of 
careful examination by Mr. Westwood.* The newer Oolitic andtheWealden 
deposits present other examples, but it is difficult to refer to fragments so im- 
perfect by very distinct specific characters. In tertiary deposits the remains 
of such animals become much more abundant, but are chiefly confined to a 
few localities. The tertiary beds of Aix, in Provence, and 01 (Eningen, the 
lignites of the neighbourhood of Bonn, and the amber-bearing deposits on the 

* See Brodie's HiHory ofFottU Jnfeett in the Secondary Rocl* ofEngUuuU 
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shores of the Baltic, are the most remarkable andproMc, and have jrielded 
restdts of some importance to the Entomologist. The following eight principal 
orders of insects are represented in a fossil state — Coleoptera (beetles), Orth(h 
ptera (locusts), Neuroptera (dragon-fly), Hymenoptera (Ichnemnon-fly), Semi' 
piera ^ady-bird), Lepidqptera (butteray), Viptera (fly), Thysawywra (Podura). 

Eemains of Annelida are not wanting in a fossil state, but the a.niTnal8 of this 
tribe being soffc, only a few and imperfect indications are usually preserved. 
In the oldest Silurian rocks, marks have been found which have been referred 
to worms, and it is not uidikely that similar indications might be found in 
rocks of almost all ages. 

Many worms incase themselves in stone, and thus the shelly tubes 
in whicn the animal once lived are very permanent. Since, however, at 
present, very diflerent species are found to inhabit tubes not to be distin- 
^ished from one another, it is clear that not much stress can be laid on evidence 
derived only from data so little important. The genera Serpula and Ditrupa 
are of almost universal occurrence, and probably include a large number of 
extinct species in all parts of the world and of almost all geological dates. 

163 Distribution of extinct Badiata. — Of these animals, the JSchinO' 
dermata and the Zoophyta form the two most important groups, and we have 
in addition to these, the Amorphozoa, containing the sponges, of which many 
are found in a fossil state. Many well marked and pecuhar forms occur in a 
fossil state in rocks of all periods, and many natural families, once enormously 
abundant, have either entirely disappeared or dwindled down to the most 
insigniflcant dimensions. 

Of the Echinoderms the most ancient group is that of the Ch/stidea, closely 
allied to another group, the Crinoidea, which, as well as the former, is abun- 
dantly presented in a fossil state, but very rarely by any existing species. 
The Cystideans include a number of genera all (with one doubtful exception) 
Silurian t but the Crinoids are more widely diffused, although these also appear 
to have commenced their existence at the very earliest introduction of life, 
and attained their maximum of development during the Carboniferous period. 
A new and pecidiar group (Pentacrintis) replaces the older forms in the Lias, 
and by various species continues into the Chalk. Other, but not numerous, 
species are also found, the free-swimming forms commencing, and gradually 
displacing the attached Crinoids. In addition to the Crinoids, the orders of 
Opkitiri£s and Asteriada (star-flshes) commenced in the oldest period, but 
appear to have obtained their chief development much later. Star-fishes and 
true OphiurflB, as well as Crinoids, have thus a wide range of distribution in 
time among the large and not unimportant group of animals to which they 
belong, and in the newer part of the JPaJseozoic period they began to be accom- 
panied by Echinidae (sea eggs). The remaimng groups of Echinodermata 
present no hard parts by wmch their form can be preserved to future ages, 
and there is thus no evidence of their existence in a fossil state. 

The ZooPHTTA, amongst which are included corals and a multitude of 
small animals having calcareous skeletons, besides many others which have no 
solid framework, aSbrd abundant indications of their former existence in 
rocks of all ages. It appears from the result of observations on these, that 
'little if any change has been made in the plan of zoophytic organization 
since the beginning of geological time ; that whilst some genera have passed 
away and new ones have taken their places, the earliest forms were as perfect 
as their successors, indeed, among the very earliest, the most perfect forms of 
zoophytes play as important a purt as the most rudimentary. Most of the 
genera are remarkable for their great duration in time, and this applies also 
to agi^eat many species both durmg Palaeozoic and Tertiary epochs.** 

Tnere are two divisions of Zoophytes building solid habitations, one of 
which, the Bryozoa, does not really oeiong to the dass, but on account of the 
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extreme similarity of the stony frameworks constructed by its members, they 
cannot be dissociated from the true polyps constructing corals. Of this 
division as of the other (the Pohfps), there are examples in Silurian rocks 
where the genera Eschara, Flustra^ and others are found. In the same rocks 
are Favosites and Chatetes, Petraia, Catenipora, and Aulopora. These, with 
Strombodes and Syringopora, give a marked character to the oldest fossili- 
ferous limestones of the Silurian period. Many of the Silurian species extend 
into Devonian rocks, although many others disappear and are replaced by 
new forms, and Astraa, already in^duced, becomes there more abundant. 
Cyatkophyllum, Idtkodendron, and Lithostrotion occupy an important place, 
and with Gorgonia attain a maximum in the subsequent or Uarboniferous 
rocks, which are remarkable for the large proportion of coralline limestone 
of which the lower division is made up. 

The Falffiozoio zoophytes are quite distinct as a group from the species 
found in rocks of the secondary period, and some forms, as Graptoliteg, 
are altogether peculiar to the older epoch. In the lower and middle Oolites, 
a considerable number of corals occur, AstrtBa being especially rich in species 
and individuals, though Turhinolia is almost eqimlly remarkable. In the 
cretaceous rocks there are many small corals, most of them Bryozoa, which 
have not been much examined, and in tertiary formations the number of 
species is very large, but the condition of the seas in which they lived appears 
to have greatly differed from that of more ancient periods. 

The fossil Amorphozoa include chiefly sponges and spongiform bodies, the 
lowest in organization of all that have been determined. There are a few 
Silurian and some Devonian species, while others have been observed also in 
carboniferous rocks, but some of the German localities of Oolitic rocks are far 
more remarkable than older beds for the presence of such remains. A large 
number of forms have been described both there and in the newer or creta- 
ceous rocks, the most remarkable genus among the latter being Ventriculites, 
which occurs abimdantly among the chalk nints. Tertiary sponges have 
been described by Michelin and others. 

There stiU remain to be mentioned the two large and doubtful, but not 
uninteresting, groups, the Foraminifera and Infasoriaj which must be referred 
to the ZooPHYTA, and which, although no doubt introduced very early and 
occurring fossil in Devonian rocks, begin to be important in the newer part 
of the pedseozoic period, especially in Bussia. Other species have been found 
in the lias and ooUtes, a large nximber in cretaceous rocks, and an almost 
infinite multitude in rocks which are perhaps intermediate in age between 
the secondary and tertiary, as well as in the older tertiary rocks of various 
parts of Europe and Kortn America. Most of the fossil infusorial animalcules 
of which remains have been found are in tertiary rocka of comparatively 
modem date. 

164 Distribution of extinct Plants. — ^The remains of plants are, as might 
be expected from the character of most of the deposits, either entirely absent, 
or confined to a few spots, and only in rocks far removed in point of time. 
Thus we find such remains chiefly in the rocks of the carboniferous period, 
but also in the older oolitic rocks in the Wealden and in tertiary deposits. 
The oldest forms of vegetation are very distinct from those since mtroduced, 
and show a remarkable preponderance of ferns, both arborescent and others*- 
at least, this is the case with the carboniferous fossils : and although some 
species have been referred to Devonian rocks, and fricoids are foiind occasion- 
ally in Silurian limestones and schists, the really important groups are only 
known in beds associated with coal. With the ferns of this period are dico- 
tyledonous trees allied to pines, and these in the newer beds are accompanied 
by Cycadea and true Conw%r«, which ranged plentiMly during the secondary 
period in England and Europe. The ^ssil plants of the London Clay are 
closely allied to some groups now confined to the East Indian Islands, and 
probably indicate a warmer climate than at present, and a very different 
distribution of land. 

oo2 
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CHAPrER XIIL 
ETHNOLOGY. 

9 165. General natafe and meaning of the science of Ethnologf .— 166. On Sj^icaAe chafaeter.-^ 
167. DivinonB and mode of treatment of the subject. — 168. External structural peculiarities 
of the human race. — 169. Internal structural peculiarities. — 170. Principal yarietiea of 
the human race, and their arrangement into distinct groups. — 171. Natural geographical 
limits of distribution. — 172. Language. — 173. Modification of the races of men. — 
174. Mixture of races. — 175. Influence of man on other animals. — 176. Influence of man 
on inorganic nature and on the vegetable kingdom. •~- 177. "Eifrect of inorganic nature on 
man. — 178. Statistics of the human race. — 179. General condnsion. 

/^ENJSBAL Natwre cmd Meaning of the Science cf JEtlmoloay. — No 
\jr account of the Earth, its inhabitants, and its history — ^pro^Bssing to 
explain the modifications of its surface, and record the reyolutions and 
changes it has undergone— would be in any sense complete without including 
some notice of the human race and its distribution in various countries, and 
at yarious times. The study of this department of Natural History has been 
desi^ated Ethnology, and the o bjec t in the present chapter is to give an 
outbne of the science so named. We must, however, neglect many points 
of interest, especially those which are connected with the personal and social 
qualities of the human race, for these in no way affect that natural-history 
view which solely belongs to Physical Geogra^y. 

Considered as a race introduced upon the ^arth at a certain period of its 
history, the human family presents to the careful and philosophic observer 
an infinite variety of problems, difficult and compHcated in the highest 
degree. Hitherto these problems have received but little attention compared 
with their real importance, and the growing interest felt in reference to 
them within the last half century has hardly yet spread to the mass of 
society, who are apt to shelter themselves under doubtful histories, and the 
general but vague ideas derived from very imperfect knowledge. The most 
that we can here attempt, however, will be to state a few of the problems, 
and point to the various attempts made for their solution or illustration. 

The subjects that ofier themselves for consideration in the strictly 
natural-history study of the human race, are chiefly those connected with 
colour and other external pecuharities, internal structure, language, and 
intellectual development. These all involve to some extent positive facts, 
and hence we may, with some satisfaction, discover b^ their means the 
degree of affinity tnat may exist amongst the principal divisions of men; but 
the real importance and relative value, even of these facts themselves, can 
only be appreciated by careful study. 

It may nerhaps be considered, that the inquiries of chief importance, and 
those which, when answered, promise the greatest results, have reference to 
(1) the specific identity of those various races of men which differ most from each 
other, and which being found inhabiting districts naturally distinct, may be 
regarded to some extent as typical races — (2) the degree to which mixtures 
of these races can produce other and permanent varieties — (3) the extent to 
which such mixtures as have been already produced can be traced back — 

(4) the absolute period during which the human race has been actually 
present, not only on the globe in general, but in particular countries — and 

(5) the true amount of influence that man, in an uncivilized or civilized 
state, has upon the distribution of other ^milies of his own kind, and upon 
other orgamc beings. These are points fairly within the inquiry of the 
naturalist, and demand therefore notice in this place. 
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166 Specific Character. — ^In considering such points we are forced to pay 
some attention to another question that has long oeen a sotirce of dispute—^ 
namely, what is to be understood by the term species, and how far varieties 
may extend without reaching to specific difference. In man, as in other 
animals of high and complex organization, capable of adapting themselves to 
great changes of temperature and climate, living at one tmie imder the 
burning rajrs of a tropical sun, and at others endurmg a three or four months 
perpetual night and frost near the poles, there must occur many modifications 
of nabit at least, if not of structure, which manifestly involve no departure 
from the normal type. But because this is the case, we are by no means 
justified in assuming that such differences of habit can involve real and 
permanent modification of structure, for such a conclusion could only with 
propriety be admitted, if it were supported by many analogies derived from 
other natural-history facts, directly bearing upon the point. Too little 
attention has often been paid to natural-history and common-sense views 
on this subject, and to the laws of analogy ana affinity of distribution and 
limitation of species of other animals, in deciding on the probable origin of 
the human race, and the date of this event. 

It has, indeed, been usual to assume, as the definition of species, that 
'the faculty of procreating a fertile offspring constitutes identity of species, 
and that all dinerences of structure and external appearance compatible 
therewith, are solely the effects resulting from variety of climate, food, 
or accident, consequently are forms of mere varieties, or of races of one 
conunon species.'* It may, however, be safely asserted, that any argument 
concerning the origin of the human race derived from this defimtion is 
vicious, for the whole point in question is assumed, and there seems no doubt 
that several of those groups of other animals best determined, and most 
universally allowed to be distinct, may naturally breed together, and do 
produce hybrids capable of continuing a race, and exhibiting some peculiarities 
of each of the tribes from which they are derived. Thus, various tribes of 
•WTldfelid€B breed with each other ; goats breed with sheep ; common cattle 
with the Zebu, and other well marked species; and the common hare with the 
rabbit, and also with the hares of other countries, exhibiting examples of no 
slight importance, where fertile hybrids have been produced by mistures of 
wdl marked species, although new races have not been estabhshed. In all 
these cases, as, indeed, in any single family of any animal, a certain amount 
of mixture of blood is required to keep up a healthy race, and it may even 
be necessary to revert to the original stock for such purpose, but tms does 
not interfere with the important conclusion that such mixtures of species are, 
to a certain extent, natural and are essentially prolific. 

In spite of this, notwithstanding such occasional exceptions to the usual 
sterility of hybrids, it is still, however, very clear, that there must be some 
provision in the constitution of organized beings tending, under ordinary 
circumstances, to keep breeds distinct, and prevent the amalgamation of really 
natural groups. In other words, though species may not be strictly determin- 
able by the test of unfertile hybrids, there still are true specific distinctions 
preserved unbroken and unmixed with singular tenacity. It is of the highest 
importance for naturalists to determine, if possible, the nature of these 
distinctions, and how far any of them are universally applicable ; but we are 
bound to admit that those who pursue the higher departments of Philosophical 
Zoology, have as yet failed in assisting the progress of natural history by the 
discovery of any such characteristics.f 



* Hamilton Smith, Natural H%$tory of the Human Species, p. 114. 
t We quote from a very recent work by Alexander Von Humboldt the following additional 
evidenoe on this subject of the fertility of hybrids : — ' The Canadian bison can be trahied to 
agricultural labour. It breeds with the European cattle, but it was long uncertain whether the 
hybrid was fruitftil. Albert Gallatin, who, before he came forward in Europe as a distin- 
guished diplomatist, had obtained, by personal inspection, great knowledge of the uncultivated 
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167 JXvinons and Mode cfTreatmeiU of the Subject. — ^Ethnology, iliere* 
fore« or the phyaioal history of the human race, cannot obtain from general 
natoral history a decisiye answer, even to those inquiries which j)roperly and 
necessarily belong to that science ; and it therefore calls for assistance from 
many other departments of knowledge. In the present outline, we may with 
adyantage consider, first, that portion of the physical yiew of i^e human 
species which is more directly connected with zoology, comparatiye anatomy, 
and comparatiye physioloery. When in this way some idea is communicated 
of the more elementary ucts, we may proceed to consider yery generally 
those points of comparatiye philology, and afterwards of genenu human 
history, which bear upon the questions we haye to discuss. Haying thus deter- 
mined the natural-history facts of our race, it will be useful to consider the 
influence of the human species on inorganic and organic nature, and con- 
yersely the influence of external nature on the human family under yarious 
circumstances of temperature, climate, and dyilization. It is true that in 
this sketdi many details of ^eat importance may be omitted, while, on the 
other hand, opportunities will be a^orded for lamenting the almost total 
absence of great classes of facts ; but perhaps also this may be use&l in 
durecting attention to the present state of knowledge on so important a 
subject. 

168 Sxtemal Structwral Peculiarities of the JSmum Race, — Those 
marked peculiarities of men that are continued from generation to generation 
without change, and seem at length to be absolutd^r unchangeiible, relate 
chiefly to coK>ur, hair, and external form, but also include some striking 
anatomical characters of great importance. Thus, permanent yarieties in 
stature, in the proportions of the limbs, in the form of the pelvis, and in the 
form and proportions of the cranium, are so numerous and distinct as to 
separate at once the different families of men into several groups. 

Ihe earliest recorded accounts that have survived the destruction of 
written documents and oral tradition, seem to point to the existence of races 
of men attaining in former times more j^igantic dimensions than at present ; 
and however exaggerated and distorted the accounts majr be, they yet seem 
sufficient to justify a conclusion, that the early conquerors in Asia Mmor, and 
Southern as well as Northern Europe, may have exceeded the original races 
in respect of height, as much as they certainly did in vigour 01 character 
and physical energy. The only race, however, tnat can now be referred to as 
showing any distinct evidence on the subject is that which has been described 
in Fati^onia, and which, like others, must soon give way to the encroachment 
of the white man ; but still showing superiority of form when compared, not 
merely with the stunted and ill-developed Fuegians about them, but even 
when placed side by side with Europeans of fim vigour and ample propor- 
tions. This is stated by all travellers of credit, and must certainly be 
admitted. Many instances, however, are on record of individuals in all 
countries attaining even a more considerable stature ; and amongst them we 
may mention the case of a Swede, one of Frederick the Great's gigantic 

giards, described by Haller as being eight and a half feet high, while several 
ishmen have been known to attain the height of seven to eight feet ; and 
one, whose skeleton is now ia the Museum of the College of Surgeons, and 
who died, aged twenty-two, in 1783, measured eight feet four inches. 

Notwithstanding these exceptions of indivi&als and races, there is cer- 
tainly no evidence of any great deviation from the average standard that 



parts of the United States, assures us that * the mixed breed was quite oonunon fifty years ago 
in some of the north-western counties of Virginia ; and the cows, the issues of that mixture, 
propagated like all others/ * I do not remember,' he adds, ' the grown bison being tamed, but 
sometimes young bison calves were caught by dogs, and were brought up and driyen out with 
the European cows.' At Monongahela, all the cattle were for a long time of this mixed breed, 
but complaints were made that they gave very little milk.' We believe no one ever questioned 
the specific distinctions between the European breed of cattle and the bison. 
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cannot well be referred to local circumstances, but as little doubt can there 
be that yarions races do present different average stature. Thus, the ]?ata- 
gonians, inhabiting the southern extremity of South America, are beyond all 
question an eminently tall race, while the Bosjesmans of the Cape of Good 
Hope, and the neighbouring^ country, are as strikingly below tne average 
stature. Nor is intellectual cultivation by any means concerned in tSs 
matter, since the native Australians, the nearest in point of low intellectual 
powers to the South African dwarfish tribes, are, on tne contrary, a tall race ; 
while the stunted Fuegians, the race nearest in position to tne lofty Pata- 

fonians, and the Cafires, inhabiting the country near the Bosjesmans, differ 
ut little in dyiHzation from their dwarf neighbours. 

Although it is certain that great differences in stature are capable, under 
favourable circumstances, of producing permanent varieties without reference 
to climate, yet it has been considered that this latter also may have some 
effect. The point is one of pome little importance, especially in considering 
the average height of races taken fairly from a sufficient number of 
observations; but facts are wanting to found any certain argument with 
reference to this subject. 

If there is difficulty in judging of unity of race by the average stature, it 
will readily be understood that other dimensions are still less useful in this 
respect. A considerable difference, however, may be traced in the development 
of various races, though.insufficient to justify important generalizations. 

Other external characters of the human race are found in the form of 
particular parts, some tribes having the head flattened in a remarkable 
manner, others having tiie bones of the extremities more or less developed, 
some possessing thick lips, others smidl ears, others high cheek bones, wnile 
a vast variety of less important differences characterise particular groups, 
according to some temporary or local circumstances. Many of these depend 
directfy on internal structure, whHe others, such as colour, are exclusively 
superficial, idthough sufficiently important to require careful and minute 
attention. The nature and condition of the hair ajBTord other external charac- 
teristics of singular value, and thus hair and colour are usually considered as 
the most direct and ready means of grouping the different varieties of the 
human race into large natural families. 

The peculiarities of colour presented in man are chiefly four — white, 
2^11ow„ red, and black, but each of these admits of a vast variety of shades. 
The white is often varied with delicate shades of pink, and passes also into 
tawny and olive coloured. The yellow passes into copper coloured on the 
one hand, and black, on the other. The copper colour also admits of many 
varieties, and even black is often presented of different shades in the various 
members of the same great natural family. All these colours are liable to 
what are called albino varieties. 

Of the whole population of the world, a very large proportion, including 
almost aU the inhabitants of tropical coimtries, exhibit tints of colour 
approximating them more or less closely to black. These have generally 
black hair and dark eyes, the hue of the skin being less decided than that of 
the hair and iris. Where the black is combined with red, as in the indigenous 
copper coloured races of America, the hair does not cover any part of the 
face, and in some parts of Africa the hair is not only black, but is crisp, 
woolly, and short, presenting very marked and permanent characteristics. 

Tne white and yellow varieties of men generally present a fair complexion, 
assuming a red or tawny tint on exposure to sunlight, and accompanied by 
hair of light brown, auoum, yellow, or red colour, and eyes either grey, 
azure blue, brown, or some shade of yellowish or greenish brown, or greenish 
yellow. Tliese colours of the eye are often found in individuals not presenting 
the true characteristics of skin and hair, but in great masses of men not exhi- 
biting recent mixture of race one prevailing tint may generally be recognised. 

TSlo term albino is applied to mdividual cases occurring from time to time 
in all countries, altibiough chiefly noticeable among Negroes, owing to the 
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marked contrast tlien presented to the ordinary condition. The characteristic 
of this variety is, that the hair and skin are perfectly white, without a tinge 
of colour, ana the iris of the eye red. Baces of albinos have been described 
in some parts of iike interior of Africa, but they probably do not extend to 
more than a few families in particolar Tillages. The persons thns charac- 
terized are frequently the offspring of parents whose other children do not 
present the same peculiarities. 

Sefore concluding this account of external structure, it is necessary to 
refer to varieties of lorm presented by the face, and especially the li]^s and 
nose, which are amongst the more distinctly marked characteristics in the 
l^egro race, the Chinese, the Malays, and some of the Americans. The form 
and position of the ears is also a point worthy of remark. 

169 InUrnal Structural Peculiarities, — The form and proportions oLthe 
human cranium exhibit tbififerences so nuurked, and so greatly affecting the 
intellectual development and capacity for civilization of the inhabitants of 
different countries, that the assistance of anatomy in this matter is of the 
highest importance to the progress of Ethnology, and lately abo it has been 
found that peculiarities of structure corresponding to these are to be met 
with in the £gure and proportions of the pelvis. It is necessary, therefore, 
to consider the facts that are most important in each case. 

The cranium is a hollow bone peculiar to vertebrated animids, and forms 
the protective investment of the brain, on which it is moulded, and the form 
of wnich, in warm-blooded animals, it represents. It contains in its walls 
the organs of hearing, and contributes to form the orbits of the eye, the 
nostrils, and the face. It is built up of eight bones which are not £brmly 
connected till some time after birth, so that there is a certain amount of 
flexibility, a^nitting of great change of general form and proportions by 
continued artificial pressure. 

The first attempt to point out distinctive characters in skulls was that of 
the anatomist Camper, who based his conclusions on the shape of the skull 
and the measurement of the angle (called the facial angle) included between 
two lines, one drawn from the passage of the ear to the base of the nose, 
and the other slanting from the for^ead to the most prominent part of the 
upper jaw-bone. This angle was thought to afford a measure of tne capacity 
of the fore part of the sl^ and of the size of the corresponding portion of 
the brain, and in this way the skull of Europeans when measured gave an 
angle of 80°, that of a Kalmuk 76°, and that of a Negro only 70°. He also 
observed that there are forms of the head In which the angle appeared to be 
greater than it is in the European, and others in which it is less than in the 
Negro, the former being the ideal heroic heads of the ancient Grecian deities, 
anifthe latter being animaU of inferior organization, the ape having the 
greatest angle, but not exceeding 64°. It must, however, be remarked, that 
in this measurement the apparent gradation from the Negro to tiie ape is 
not real, as if the skulls are taken from animals of fbU age in which the 
dentition is complete and the jaws completely developed, me angle is not 
more in the orang or satjrr than 30°, and in me troglodyte only reaches 35. 
In the comparison of skulls, one important point has also sometimes been 
overlooked — ^namely, the form of the base of the skull, on which depends 
much of the general measurement of the angles. 

Besides tne facial an^e, there are other points of difference seen in 
comparing the skulls of different races; for while some skulls are round and 
symmetrical, with a broad smooth forehead, others, again, are square, or 
nearly so, others pyramidal, others narrow and laterally compressed; while 
11 these varieties naturally induce very marked external peculiarities corre- 
sponding to them. Almost all the anomalous and even monstrous diver- 
gencies from the normal type in man are capable of being transmitted to 
posterity, and thus the races amongst whom flatness of the head or any 
other deformity is regarded as a l^auty, exhibit the corresponding form 
in the heads of very young infants^ even when no mechanical pressure has 
been induced. 
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One of the most important yarieties in the structure of different races 
consists in a peculiar combrmation of the pelvis, and this has recently been 
the subject of careful investigation by Dr. Yrolik, of .Amsterdam, wno has 
examined and described minutely the details obseryable in skeletons of 
Europeans, Negroes, and Javanese of both sexes, a female of the Bosjesmans 
race, and a person of mixed breed. 

The important result of these investigations seems to be, that, although 
the proportions of the bones in this region in Europeans are very different 
in the two sexes, the difference is much greater between the male and female 
Negro, the former exhibiting remarkable streugth and density, while the 
latter, in the same race, combmes lightness of substance and dehcacy of form 
and structure. The Javanese of both sexes appear to possess a pelvis of 
peculiar lightness of substance and smallness of size, while the female 
£k>sjesman exhibits, in a most exaggerated form, tixe narrowness and elonga- 
tion remarkable in the Negress, and apparently approaches to the structure 
of the chimpanzee and the orang. 

Other oDservations on the pelvis, b^ Professor Weber, would tend to 
show that all varieties of form in the pelvis may be described as belonging to 
one of four kinds — the- oval, the round, the square, and the wedge-shapeo, of 
each of which examples are fotmd in most countries. The form that is most 
usual among Europeans is the oval, that of the Americans the round, that of 
the Mongols the square, and that of the different races of Negroes the oblong. 

Other structural peculiarities are seen in the bones ot the extremities, 
which in the Negro and some uncivilized races are comparatively elongated 
and straggling, crooked and badly formed. Thus the tibia and nbula in the 
Negro are more convex in front than in Europeans, the calves of the less very 
high, the feet and hands flat, the heel-bone flat and continued neany in a 
straight line with the other bones of the foot, and the foot itself remarkably 
broad. The fore arm is also much longer in proportion to the body than in 
other races, and the head is placed further backward on the vertebral column. 

170 l%e Princ^al Varteties of the Sunuin Race and their Arrangement 
into jDistinct 6^om>«.-*Although the peculiarities mentioned in the preceding 
section are none of them strictly conflned to special races* still they are so far 
characteristic that by their means we can with some degree of reason speak 
of the white, black, copper-coloured, and other races, without fear of being 
misimderstood, and we may also subdivide these into wooUy-haired, black- 
haired, beardless, and others. But when connecting these so far natural 
groups with those which, according to the records of human history, have 
dwelt in, or emigrated from, special countries, there are immediately intro- 
duced various elements of confusion, preventing any possibility of subdivision 
into tribes without the assumption of so much, that fiction soon takes the 

flace of fact. It is evident that the space devoted to the subject of. 
Dthnologyin these chapters will by no means admit of the discussion of any 
views, and we can only put before the reader, as a conclusion, the arrange- 
ment that has seemed most convenient and most useful. 

Among the various points of difference that might be assumed to assist in 
the arrangement of the tribes of men, the form of the skull, combined with 
f^e colour of the skin and hair, the texture of the hair, and the form and 
proportions of the pelvis, agree for the most part in marking at least three 
groups possessed of the extremes of difference in these respects, and not ill 
supported by historic testimony. It has, indeed, been usual to admit of five 
prmcipal or t^ical stocks of tnis kind, but, perhaps, two of these are more 
properly considered as sub-typical, at least m the present condition of our 
Knowledge, llie three groups thus suggested may be called the Caucasian, 
or bearded type ; the Mongolio, or beardless type ; and the woolly-haired, or 
Nbgeo type. The Europeans generally may oe considered as representing 
the former ; the Tartars, Chinese, and other inhabitants of Central Asia, the 
native tribes of America, and the inhabitants of Australia, the second; and the 
Africans the third. 
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The characteristics of the three principal types may be thus deseribed ^— 
1. The Caucasian Tifpe. — This trpical group has received its name from 
the idea of its having originated in the mountains of the Caucasus, whence it 
has spread in Europe and Asia. All the civilized nations of the West belong 
to it, and it has ^nerally obtained absolute domination when famihes 
have migrated to distant countries. It admits of many and very important 
subdivisions. 

The races thus designated are for the most part white, but include tribes 
of almost every shade towarcb absolute blackness. The hair is abimdant on 
tlie head, varymg from the deepest brown, and even black, to auburn, yellow, 
and fiery red, and becoming grey with age. In all the races, the males have 
decided beard, often spreading over the upper lip and fringing the sides of 
the face, being, in such case, ensp, curly, or undulating, ana not lank. The 
hair usually lumnonizes with the eomplezion, and that of the head and face 
have nearly the same colour. 

^ The skull of the Caucasian tribes is larger in proportion than in the others 
-**it is oblong and rounded, and the facial an^le rises from 75^ to nearly 90°. 
Its volume amounts to from 75 to 109 cubic inches. The mouth is small, 
the teeth vertical, the lips gracefrd and not tumid, the cheek bones not 
projectiag, the clun full and round. The shoulders are ample, the chest 
oroad, the ribs firm, and the loins well turned ; the thighs and the ccdves of 
the legs symmetrical, and the whole frame constructed for the endurance of 
toD, and with physical powers equal to the intellectual organization, com- 
bining more than any other race strength of limb with activity, and enduring 
with ease the greatest vicissitudes of climate and temperature. 

The people thus characterized include the inhabitants of the great river* 
valleys of Southern and Western Asia, and all the inhabitants of Europe, 
except the Laplanders, the Finns, the Magyars, and some other eastern tribes. 
A large part of North America and many portions of South America are also 
now peopled with the descendants of tne Western Europeans who have 
migrated in a civilized state. 

2. The MoNGOLic Type. — The races that belong to this class differ both 
from the Caucasian and Negro stock in many highly important physical and 
intellectual qualities. The skull is small, the facial angle 7(f — 80^, the 
contents of tne cerebral chamber 69 to 83 cubic inches ; the face is fiat, the 
cheek bones projecting laterally, the eyes small and obliquely placed ; the 
hair coarse, lank, and olack ; the beard scanty, not curly, and not covering 
much beyond ihe chin. The nose is small and pointed, and the mouth well 
formed. The colour of the skin yellow of all shades, rarely passing into 
white, on the one hand, or black, on the other. The typical races are scjuare 
of body, low in stature, having the trunk long, the extremities comparatively 
short, and the wrists and ankles weak. 

The people chiefly exhibiting these peculiarities of structure are the 
Central and Northern Asiatics, the Finns and Laplanders in North Europe, 
and the Magyars of Hungary. The Chinese and Japanese, and the various 
Tahtar tii\^s are the most numerous and characteristic of these races at 
present. The E8q[uimaux also belong to them. 

The Indian tnbes inhabiting North America approach the true Mongols, 
and may be regarded as subtypical, presenting some points of resemblance to 
the aberrant tribes of Caucasians. In these, however, the colour is more 
deeply red or copper-coloured, the cheek bones more rounded and not pro* 
jecting laterally, the face broader, the forehead low, and the skull less 
pyramidal. 

Ajiother remarkable and ver^ large natural group, the Malays, may be also 
considered as forming a connecting link between tne Mongol and Caucasian 
types. Tlie Malay tribes have generally a small head, measurmg from 64 to 89 
cubic inches — ^the forehead is Tow, the face flat and broad, the nose short, the 
mouth wide, and the upper jaws projecting. The hair is generally coarse, 
the skin varying in colour from clear brown to dark clove, me beara scanty. 
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and tide frame slight, except when a mixture with Caucasian blood can be traced. 
As a people, they are apt to be treacherous, implacable, and ferocious, and 
they are chiefly confined to the coast, and some of the islands of the Indian 
Arckipelago, excluding parts of Papua and some parts of Australia. 

8. The Negbo Type.— The woolly-haired stock properly designated by 
this name predominate in Africa. They present many marked peculiarities, 
amongst wnich may be mentioned a small facial angle, varying £rom 66° to 
70^, a small head mterally compressed, a narrow depressed fordiead, a broad 
crashed nose, a protruding lower jaw, a wide mouth with thick lips, and large 
BoHd teeth, with the incisors placed, not vertical, but obliquely forwiurds. 
Besides these characteristics, we find the hair frizzled, coarse, and though not 
really wool, simulating the appearance of it. The body is often extremelj 
muscular, and exhibits perfect |>hysical development, but the humerus is 
shorter, and the fore arm proportionably longer than in Caucasian skeletons. 
The legs and feet are inelegant, the wrists and ankles robust, and the hands 
coarse. The skin is generally dark-coloured, but very often jet black. In- 
tellectually, they do not occupy a high position among the races of men, 
thought being habitually dormant, and there being in most cases an almost 
peurHe love for musical sounds. An im{>ortant and highly interesting 
branch of this variety occurs in Western Asia, in what is sometimes called 
the Semitic race, including the Assyrians and Babylonians, now almost extinct, 
the Jews, the Arabs, ana the Ethiopians. 

All these well marked varieties of the human race, and a large number of 
others less distinctly characterised, have certainly been in existence on the 
Earth for a very long period, since in paintings and sculptures made by the 
Egyptians more than three thousand years ago they were as strongly 
indicated as at this day. It is certain, too, that the difierences are not entirely 
caused by climate, if, indeed, they are at all dependent on that as an agent, 
but we are not at present in a condition to explain the real origin or the 
peculiarities of structure observed, or refer them to any reasonable and 
probable source. 

171 Natural Geographical Limits of Distribution. — The various tribes 
of men, in difierent countries, appear in most cases to have had definite 
limits, corresponding to those of certain groups of animals, and although 
individuals and hor£s have wandered to distant countries, and settling there, 
have exposed themselves to the influence of difierent climates and habits, 
they have yet retained their peculiarities of structure. It is therefore 
important to consider, as far as possible, the chief groups in relation to the 
coxmtry where they now exist, or whence they have migrated. 

The Arabs and the Egyptians are two examples of contiguous races 
belong^g to the same famify, but exhibiting marked difierences, the former 
occurring in Asia, and the latter in Amca; the former adjacent to the 
civilized countries of the East, among whom the Hindoos, the Persians, the 
Armenians, and others, are well known examples; whUe the latter border on 
the Negro tribes. Dr. Frichard has remarked, that * though inhabiting, from 
time immemorial, regions in juxtaposition and almost contiguous U> each 
other, no two races of men can be more strongly contrasted than were 
the ancient Egyptian and the Syro- Arabian races: one nation full of 
energy, of restless activity, changing many times their manner of existence, 
•^sometimes nomadic, feeding their flocks in desert places, now settled and 
cultivating the Earth, and filling their land with populous villages, and 
towns, and fenced cities, — ^then spreading themselves, impelled by the love of 
glory and zeal of proselytism, over distant countries ; the other reposing ever 
m luxurious ease and wealth, on the rich soU watered by their shmy river, 
never quitting it for a foreign clime, or displaying, unless forced, the least 
change in their position or habits of life.'* The mfferences thus indicated 



* Prictiard'e Natural HUtorp of Man, 3rd edition, p. 150. 
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were carried out also in detail, and nearly correspond to the conditions of the 
two oonntries in all respects of Physical G^oeraphy, and thus it is, that the 
natural oonfiforation of a district may and obes exercise an important 
influence on tne growth and development of the human race therein. 

It has been customary to consider the different races of men as proceeding 
originally from certain lofly mountain chains as their original habitat, and in 
this way the Caucasians and the Mongols have been so named, because the 
one race was supposed to be derived from the lofty mountain chain of the 
Caucasus, between the Black Sea and the Caspian, and the other from the 
lo^er chain of the Altai, peopled in its higher plains by the Mongols. So 
also the Negroes have been supposed to be derived from the southern face of 
the Atlas mountains. This view, however, is not supported by facts, at least 
so far as history can adduce them. It is more probable that the principal 
races have flourished and obtained their peculiarities in great river valleys, as 
that of the Euphrates, the Indus, the Granges, the Nile, the rivers of China, 
and others in the Old World, or in great fertile plains, or extensive tracts 
of country, abounding in herds of deer and cattle ; while others have 
adapted themselves to circumstances in smaller areas, and formed fishing 
tribes, himting tribes, or mountaineers of various degrees of interest and 
importance. 

To trace the geographical range and limits of each race now recognised 
as aboriginal, would occupy too much space, and we must refer the reader 
for such mformation to the work of Dr. Jrrichard, already quoted, and to that 
o£ Colonel Hamilton Smith, recently pubhshed. On the Natural Mistory 
qf the Human Species. It wiH be useful to illustrate the subject by a few 
examples, drawn from the distribution oi races in Europe, and especially in 
those ooimtries in which we, as Englishmen, must feel the greatest mterest.* 

It is now almost universally admitted, that the European nations are a 
series of colonies of what is caUed the Arianf race, but under what circum- 
stances, and by what path they originalljr passed into Europe, can only be 
a matter of conjecture. It has been considered probable that the nortnem 
nations of Europe took their way through the regions which lie to the north- 
ward of the Caspian, reaching in this manner the mouth of the Danube, and 
spreading then towards the north. The Italian, Hellenic, and Hlyrian races, 
on the omer hand, probably arrived by a difierent route— namely, through 
Asia Minor and across the ]DOsphorus. 

Of the different European nations, which may be regarded as derived 
from branches of one original stock, we must look upon those which were 
driven most to the west as the oldest, and thus begin with the Celtic nations, 
including two branches, one represented by tiie Irish, Scotch, and Manx, and 
the other by the Welsh and Bretons, and the early inhabitants of Spain. 
Next in oraer comes the Germanic family, consisting of the Northmen, 
ancestors of the Icelanders, Norwegians, Swedes, and Danes; and the 
Teutonic stock, in its three subdivisions of Saxon, German, and Gothic. 
Next are tribes inhabiting Lithuania; and then the Slavonic race, of which 
there are two branches, the Western or Proper Slavic, including the Poles, 
Bohemians, and tribes near the Baltic, and the Eastern branch, compre- 
hending the £.us8ians, Servians, and other alUed families. 

South Europe seems to have modified the migrating races in a dilQferent 
way, and {presents the old Italians, the Tuscans, we Thracians, the Amaouts 
ana Albanians, and the ancient Hellenic race. 



« WMle these sheets were passing through the press, a work has been published by Dr. 
Latham, ( T%e Natural History of the Varietiei of Man, 1 yol. 8T0,) which may safely be recom- 
mended to the student as the soundest and clearest enunciation of the most advanced and 
scientific views of Ethnologists. 

t The name * Aryas' is the ancient national designation both of the Persian and Indian 
branch of the great Asiatic source of the races that now overspread £nrope and Southern Asia, 
and the derived races have thence been called ' Arian.' The name was adopted by the Medes. 
and has been handed down by the Greeks. 
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It still, however* remains doubtful whether these races, whose history can 
be to a certain extent traced, and which present distinctly their relations to 
each other, and to the ori^al stock, yrere reaUy the earliest tenants of these 
countries. The more probable hypothesis is, that there were still earlier 
tribes, and in the case of onr own country there is not wanting distinct evidence in 

Sroof of its having been the habitation of man very long before the earliest intro- 
uction of that tnbe of Celts who have often been regarded as the Grst settlers. 

If we look to the evidence that exists concerning the actual distribution 
of these races, we shall find them greatly but not entirely limited by moun- 
tains and rivers; each tribe seems to have had a nucleus in the newly 
discovered, or newly conquered tract, while from this nucleus they at first 
diverged to occupy a certain area, and finally migrated in part to carry the 
advance that had oeen made in civilization to a fresh spot, where the highest 
advance that had been made in the mother country served as the starting point 
for the young hordes. Thus it is, that in mountainous countries we still find 
kingdoms and portions of highly civilized countries, presenting in their popu- 
lation the most marked difSrences, and even contrasts, while over other far 
larger but level tracts, a perfect uniformity and monotony of national cha- 
nu^r prevails, often exceedingly unfavourable to the progress of civilization. 

It has already been stated, tnat the Caucasian trioes occupy all Europe, 
with the exception of Finmark, Lapland, and part of Hungary. They also 
now occupy part of I^orth Africa, Persia, the whole of India, me United States 
and British possessions of North America, a very large part of South America, 
and many portions of Australia. A part of South Africa, and a multitude of 
islands in the Pacific Ocean, have also been colonized by them in recent times, 
and thus the Western Caucasian varieties are now spread over the globe, and 
have in many oases almost driven out the original races. 

When we regard the whole Earth, and consider what is known of the 
physical geography and climate in every country, there will often appear 
some distinct natural reason for the spread of particular races in the 
directions we may trace them. Thus, the Caucasians occupy, and have 
occupied for a very long period, the great fertile valleys and plains of the 
temperate zone, and the more habitame countries in the torrid zone, at least 
80 far as the Old World is concerned ; while the Negroes have been chiefly 
confined to the waste and unfertUe deserts and other lands of tropical 
and Southern Africa ; and the Mongols to the table-lands, mountains, and 
valleys of Northern Asia, America, and Australia. The greatest popu- 
lations are generally found on the banks and mouths of rivers, on the snores 
of gnlfs and great inland seas, and thence the races have generally ex- 
tended up the coimtry, following the course of the streams, and strictly 
limited by sreat and raptid rivers, which have thus proved efiectual natural 
barriers. Men, indeed, in a natural state, are subjected to laws of distri- 
bution like other animals — ^they spread where means of subsistence and 
shelter offer themselves, they multiply in the most favourable spots, they 
stop where there is no longer any inducement to go on ; but this is not the 
case when races become able by mechanical ingenuity to overcome natural 
difficulties; and thus the spread of civilized nations, and their limits of 
distribution, ofier no parallel, and are bounded by no such checks as those 
which, up to a certain point in cultivation, have proved absolute. Still, early 
impressions have never yet been efiaced. Penetrating through the surface 
on the smallest occasion of extraordinary excitement, we are able to perceive 
the marked national characteristics in almost every people, whether we look 
at races derived from a multitude of sources like our own, or those com- 
pounded 01^ of two or three— whether we regard the half-breeds between the 
Kegro and Caucasian, or the Caucasian and Mongolic, or look at the nearly 
pure descents of the higher castes of the Hindoo. Government has no power 
of uniting races whose blood is difierent — ^language may conceal for a time, 
but cannot obliterate these permanent characters; and for at least thirty 
centuries there have been as well marked and important distinctions between 
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the bearded and the beardless man, the red man and the white, and the trae 
Ethiopian and the Negro, as there are at this day, while the essential points 
of disnnction are as clear now as the j were at that distant period. 

173 JLanguaae, — Of all characteristics presented \sj the different 
races of men, andf depending on the higher or intellectoal part of hia nature, 
none is more nsefnl in determining disputed points as to tne origin of parti- 
cnlar tribes than the careM study and comparison of the words and 
grammatical construction employed to express the wants and feelings of our 
nature. The stud5r of language must, therefore, eo hand in hand with that 
of physical peculiarities and human history, and mough, as we shall see, not 
absolutely to be depended on or trusted, when it affords only negative 
results, or to be taken without hesitation even when resemblances can be 
traced, still it must always hare great weight in the mind of any unprejudiced 
person. 

It is generally agreed, that the most extensiye relations between 
languages, and those least likely to be effaced by time and foreign inter- 
course, are the iimdamental laws of construction, both in words and sentences. 
Constraction, indeed, or the rules which govern the relations of words in 
sentences, seems especially enduring and constant, since similarity in this 
respect prevails through wnole classes of languages which now have &w words 
in common, though they appear orieinaUy to have had more. But beyond this, 
there is a cognate character in words themselves, which sometimes pervades 
the entire vocabulary of a whole family of languages, the words being formed 
in the same manner and according to the same artificial rule. This is illus- 
trated in the monosyllabic structure of the Chinese and Indo-Chinese lan- 
guages, while a remarkable instance of grammatical analogy is to be found in 
each of the two systems of the Indo-European languages, of which the Grreek 
and English are respectively examples. 

It has, indeed, been ooubted whether analogy of structure alone is 
sufficient to prove communitry- of origin of different languages, when unsup- 
ported by similar words, as it woidd seem that languages realljr descended 
from the same stock must exhibit their origin in bom ways. It is, however, 
certain that such words may be very few in number, as "will be seen if we 
compare the Welsh and Russian tongues, which are singularly unlike in this 
respect ; while, on the other hand, a large number of words bein^ introduced 
does not prove the languages to be of cognate origin. The eviaence to be 
deduced nrom verbal analogies depends, however, much on the classes of words 
in which such analogy is to be traced, and the words that resemble each other 
in languages derivea from the same stock are very different from those 
borrowed after the two languages are formed. There is, for example, a kind 
of domestic vocabulary in me first case, which includes the simplest family 
relations, * father,' * mother,' &c., together with the names of various parts of 
the body, of the most essential and manifest material and visible objects, and 
of domestic animals, besides some verbs expressive of universal bodily acts, 
many personal pronouns, and the numerals, at least to a certain smallextent. 

On the other hand, there are words belonging to a certain degree of 
civilization, and connected with the simple arts (e. a, to plough, to weave, to 
sew, &c., and the names of weapons, tools, and dress), which are often common 
to nations whose domestic vocabularies are different^ and different when the 
domestic vocabulary is nearly the same. It will also be evident that many 
words indicative of intellectual improvement, moral cultivation, religion, and 
other matters, will be occasionally borrowed by a nation during its progress 
in civilization, and often from people who from any accident have infiaenoe, 
although they may belong to a different stock. Thus, the New Zealanders will 
acquire a multitude of En^Hsh words, although no relation may be traceable 
between the roots of their languages and me English, nor its earlier and 
domestic vocabulary. 

The yariouB limguages of the Earth have been grouped into four:-* 
1. The Indo-European languages. 2. The Turanian, or languages of High 
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Asia, and other regions to be pointed out. 3. The Chinese and Indo-Chinese, 
a monoByllabio and nninflectea language. 4. The Syro- Arabian, or Semitic. 

The Indo-European languages are the national idioms of all those races 
who at the time of Cyrus became, and have ever since continued to be, the 
dominant nations of the world, except where Mahommedan fanaticism has 
recovered for the Mongol and Negro races some sway over the weaker divisions 
of the Indo-European tribes. There are many groups of these languages, each 
group including a large number of dialects. The eastern group comprehends 
me ancient Persian idioms, the Sanskrit and the Pali of India. The western 
group, the Greek, the old Ulyrian or Albanian, the old Italic language 
excluding the Etruscan, the ola Prussian, the German, the SlaTonian, and 
the Celtic : these are all very distinct and of very ancient date. 

Now, it becomes very naturally a question, since no one conquering 
nation could introduce at once so many languages, whether the different 
nations were kindred tribes of some primitive stocK, and derived the analogies 
of their speech from some common language which had gradually deviated 
from original identity by variations at mrst merely of dialect, but gradually 
increasing ; or whether the facts will admit of any other explanation, it 
seems clear, that there is no other, and, indeed, there is internal evidence in 
the Indo-European languages themselves, sufficient to prove, that they did 
grow by graduiu dialectic development out of one common matrix. ' Any one 
who possesses competent knowledge of these languages, and considers the 
nature of their relations to each other, the fact that the original roots are for 
the most part common, and that in the great system of grammatical inflection 

Servading iJl these languages there is nothiuj^ else than the varied 
evelopment of common principles, must be convinced that the differences 
between them are but the result of the gradual deviation of one common 
language into a multitude of diverging dialects, and the ultimate conclusion 
forced upon us is, that the Indo-European nations are the descendants of one 
original people, and consequently, that the varieties of complexion, form, 
stature, and other physical qualities which exist among them are the results 
of deviation from an original type."* 

The groups of languages referable to the second great family of European 
and Asiatic nations, dmer in some fundamental points &om that of the Indo- 
European race, and assist in this way to support the conclusion, which is 
indeed forced upon us by other evidence, that these races had overrun many 
parts of Europe, very far to the west, long before even the oldest of the 
races now existing were at all introduced. The languages are remarkable as 
having nouns nearly or wholly without inflexion or variation of case, 
number, or sex, which can only oe expressed by appending additional words, 
and exhibiting these auxiliaries, and any possessive and relative pronouns 
of other languages as suffixes, or syllables placed after the words which l^ey 
modify. 

Of all the tribes possessing these languages, two only, with the exception 
of the Finns and Lapps, have eflected a h)dgment in Europe in such a way as 
to perpetuate to the present time any physical evidence of their former 
existence. These are the Magyars and the Basques. There are also phe- 
nomena in the Finnish, Lappish, and Celtic languages, which appear to render 
probable a former admixture with races which are now totally extinct. 

Another family of languages belonging to the great continent is the 
Chinese, which, with its various Indo-Chmese dialects, consists of mono- 
syllabic roots, not becoming dissyllabic by construction. These languages 
are not only incapable of inflexion, but do not admit the use of particles as a 
supplement to this defect, the position of words and sentences being the 



* * Beport on Ethnology/ by Dr. Friohard, in the Reports of the BriHsh AaoeiaHon for <&« 
Adwmeemeni ofSeience, for 1847, p. 343. It is right to State that the sabetanoe of this section 
om langoage is borrowed ttom Dr. Frichard's Beport. 
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principal means of determining their relation to each other, and the meaning 
mtended to be conveyed. 

The Sjro-Arabian langoaffes are a yery ancient and important gronp, 
which appear to have been sp<^en from the yery earliest times oy the yarious 
nations inhabiting Asia to the westward of the Tigris. Tliey also extended 
widely, and at a very early period, into Africa. The mincipal Asiatic idioms 
are tne Chaldsean, the Hebrew, and the Arabic. Asides these are the 
Abyssinian dialects, the old Libyan dialects, and some others in Africa. 

It appears probable from the present state of onr knowledge, that only 
two races of people and two languages exist in tiie vast regions of Southern 
Africa. These are the Hottentots, m the most sonthem parts, and the great 
nation allied to liie Kafirs of the eastern ooa^it. They belong to one figumily, 
all their lansuages being dialects of one speech. 

Central I^egroland presents a multitude of languages or dialects which 
also have relations with each other sufficiently marked to induce us to regard 
them as being of one common origin. 

The languages of the islanders of Polynesia are considered to offer 
resemblances, which cannot bo the effect of casual intercourse, but are essen- 
tial affinities deeply rooted in the construction. 

In America, the northern extremity is peopled by the Esquimaux, whose 
language is known, and extends from Asia. Southwards, to a considerable 
distance, two great families of native languages are presented, one on the 
eastern, and the other on the western side ; whue still frirtlier southwards, and 
as far as Mexico, the Cherokees and other Indian tribes form a group with a 
distinct ton^e. In Mexico are two principal and many less important 
languages, wnile South America contains a vast variety of different tribes, 
whose languages have been grouped into three, many of them, however, 
being very htSe known. 

iSi may here be observed, that although languages, as intellectual creations 
of man, and closely entwined with his whole mental development, bear the 
stamp of national character, and as such are of the highest importance in 
the recognition of the similarity or diversity of race, they yet present many 
illusions to be guarded against, as well as a nch prize to be attained. Positive 
ethnological studies, supported by profound historical knowledge, teach us that 
a degree of caution is required in these investigations concerning nations and 
the languages spoken by them at particular epochs. Subjection to a foreign 
yoke, long association, the influence of a foreig[n religion, a mixture of races, 
even when comprising only a small number of the more powerful and more 
ci^ ilized immigrating race, have produced in both continents similarly recurring 
phenomena — ^namely, in one ana the same race, two or more entirely different 
families of languages; and in nations differing widely in origm, idioms 
belonging to the same linguistic stock. Great Asiatic conquerors have been 
most powerfully instmmentol in the production of striking phenomena of this 
nature.* 

173 Modification of the Maces ofMen.-^J.t is an important consideration 
that m many countries, where there has been no recent influx of different 
tribes, and where no cause of change is perceptible but the slow and gradual 
advance of civilization, and the progress of mteUectual and moral develop- 
ment, tikere has yet been a very considerable modification of the physical 
characteristics of "the prevailing races. It is desirable to consider how far this 
may have acted in past times with other portions of the great human family. 

Civilization may, and in some cases does, produce two effects, as it not 
only occasionally modifies the existing race, but also drives before it and 
destroys less powerftd, although indigenous tribes. Thus, if as seems pro- 
bable, from the comparison of language, and from the occurrence of bones 
of men in places now covered up by deposits containing other human bones of 
great antiquity, there were originally Mongolic tribes over a great part or 
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the whole of Europe, inclading the British Islands, and if, as it is equally 
certain in Western Europe, and in the British Isles, there are no present 
indications of the race either in structure or appearance, we must conclude 
that the advancing and conquering nation has destroyed the indigenous 
tribes, without permitting the blo(3 of the two races to become mingled. 
Examples of physical chauge in a race during the progress of civilization are 
seen m Germany, where &e accounts given of the physical characteristics 
of the inhabitants only a few centuries ago oblige us to believe that the 
prevailing colour of the hair was then yellow or red, and that of the eyes blue. 
Without any further admixture of blood from a dark-coloured race, this has 
now undergone much alteration, for the prevalent colour, not only in the large 
towns, where mixture of blood may have been the cause, but also throughout 
the country, is certainly very different. With regard to this subject we may 
also refer to the autl^ority of Dr. Prichard, who says, in his work on the 
Natural History of Man, already (quoted, ' I can assert from my own observa- 
tion that the Germans are now in many parts of their country far from a 
light-haired race. I have seen a considerable number of persons assembled 
in a large room at Frankfort on the Maine, and observed, that except one or 
two Englishmen, there was not an individual amongst them who had not dark 
hair. The Chevalier Bunsen has assured me that he has often looked in vain 
for the auburn or golden locks and the light cerulean eyes of the old 
Germans, and never verified the picture given oy the ancients of his coimtrv- 
men till he visited Scandinavia; there he found himself surrounded by the 
Germans of Tacitus.'*' 

It appears indeed beyond question, that not only the Teutonic race, but 
even the Celtic have undergone much change in this respect, for there seem 
to be abundant traditions asserting the prevalence of jellow, and even white 
hair among the people of that race, anciently inhabiting Ireland, Scotland, 
and Wales. Kow, it is certain that the present Hignlanders are by no 
means a yellow or red haired people generally, although some districts present 
this characteristic. The prevalent characters in most part of the north of 
Scotland are dark brown lank hair, with a fair complexion and grey eyes. 
Since the mixtures that have been most common in all the western nations 
have consisted of Celtic and Teutonic blood in some form, we thus have no 
reason in this respect for the change of colour. It must be referred partly, 
perhaps, to a mo^cation of climate effected by drainage and the removal of 
forests, partly to different food, and partly to the different condition in which 
men now live. 

The influence of a race of men migrating into a new country will neces- 
sarily differ in some respects, accordmg to the circumstances under which 
they appear and are received. Conquest and simple colonization may, for 
example, produce different results, but still it appears from the experience of 
past tmies, and even of very recent immigration, that the more civilized race 
will generally prevail, and not only so, but will gradually destroy the 
aborigines or the newly visited tract, llie traces that are seen in various 
ways of the existence of a race of men in Europe before the present Indo- 
European race was introduced, are so slight, and have apparently produced 
80 little physical change, that they must be almost neglected in any con- 
sideration of this kind, and thus the new race must be regarded as having 
quite driven out and destroyed the earlier one. When we find a few tribe's 
still retaining their places and natural characteristics in some mountain 
fasiiiesses, as the Basques in the Pyrenees, we see more clearly the possi- 
bility of such extinction of races, and may recognise the circumstances imder 
which it is possible. 

Of all cases of incursion presented in history, those of the Hellenic race 
into Italy from the south, and subsequently of the Teutonic race from the 
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noiih, and that of the ScandinaTian bnmch of the same mat family to 
Northern France and Britain, are the most remarkable and the most dis- 
tinctly traceable. Others had occorred in earlier times in Asia^ conceming 
which we know oomparatiTel^ little that is definite, and a similar great 
experiment is now bein^ tried m America, and also in Australia, New Zealand, 
and some of the other islands of the Pacific. In China, however, incorsions 
have been made, the result of which is different, as there the conquering 
tribes, insufficient in number and inferior in cultivation, have only succeeded 
by superior physical energy, and hare obtained the government without 
<£angmg the people. 

^e lost races of antiquity naturallj[ present many points of great interest, 
especially when from time to time their memory is recalled by the discovery 
of remains due to their labour or their ingenuity. Thus the BabyloDians 
and ABSjrrians, the ancient and aboriginal tribes of Greece and the Etruscans, 
and the much later inhabitants of Lycia, nations which had attained to some 
degree of civilization, and amongst whom the arts of construction and 
sewpture were really and very successfully cultivated, have so far tended to 
mocQfy succeeding and long subsequent generations of men, that we naturally 
inquire into the drcnmsttmces of their destruction. They appear before us 
as races of civilized men destroyed by barbarians; and although from these 
barbaric conquerors greater, more highly civilized, more intellectual, and 
more important nations have often arisen, still the first change was that of 
destruction effected by physical force against all the advantages of intellectual 
superiority. While, also, some of these nations — ^including several formerly 
inhabiting Asia Minor — ^were utterly destroyed and their cities buried in 
heaps of ruins, others, as the Jews, have survived, though as wanderers 
over the earth ; while the Egyptians have retained their name and their place, 
although all the advance once made by them in civilization has relapsed mto a 
monotonous and hopeless state of ignorance and slavery. 

The events of me last two centuries have shown that the influence of 
civilized men determinatelv and permanentljr occupying a country may, as 
in North America, tend to me absolute extermination not only of tribes, but of 
many aboriginal races, and the day is perhaps not far distant when the so-called 
American Indians shall cease to exist, every effort having failed to induce them 
to adapt themselves to the circumstances forced upon them, and no real advance 
having been made in the modification of the race by the admixture of tribes 
or the introduction of civilization. Total extermination is manifestly a 
possible event with regard to a whole people, even where room is left for 
their existence, when they are enoouragea to adapt themselves to new 
conditions, and when no check is put upon them oeyond that degree of 
encroachment which would demand only a change of habit to render it 
harmless.* 

174 Miattire of Races, ^--Ixk various parts of the w<»ld circumstances 
have enforced a considerable mixture of the great natural families of men, 
and although there is some reason to believe that this mixture is not in 
itself natural, yet as it resxdts in the production of such modified charac- 
teristics as may in the end form real ^ups, it becomes right to consider 
here some remarkable instances of the kmd where the mixture of race has been 
compete, and where the two tribes combining are distinctly recognisable. 

The extreme cases of mixture that can occur are, of course, those of 
different members of the three typical classes — ^namely, the Caucasian witk 
ti^e Negro or Moiurolic, and the Mongol with the Negro. The mixtures (A 
typical Caucasian, Negro, and Mongolic tribes with Americans and Malays are 



* There is, however, an aipparent exception in the case of the Cherokee nation, who sre 
described as settling in Tillages, and giving up their wandering habits for the arts of dvilization. 
The Indian tribes in some parts of North America, and especially in Canada, seem also to have 
cultivated the land to some extent, as within the historic period an Indian town stood 8o^ 
roanded by com fields on the site now occupied- by the city of Montreal. 
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mteresting in the next de^ee ; and many cases of admixture of the early 
derived races, such as Celtic, Teutonic, and ScLiyic; Hindoo, Arabic, and 
Egyptian ; or mixed European with mixed Asiatic races of ihe same original 
stock, are scarcely less interesting or important in an ethnological view. 

Dr. Prichard has put it forward as his decided conviction, that races of 
men, of whatever kind, are equally prolific, whether marriages be contracted 
between individuals of the same or of the most dissimilar varieties, and he 
adds, ' If there is any difference, it is probably in favour of the latter.'* 

America is a country where mixtures of the Lado-European race of 
various families (Spaniards, Portuguese, English, German, Dutch, and French* 
and even Jewish,) have been effected, under tolerably equal and favourable 
circumstances, with the American Indians of various tribes, and with many 
tribes of Negroes Arom the centre and west of A£nca ; and it has been calcu- 
lated by M. Bugendas, (Voyage dans le Brezil, Paris, 1835,) that out of a 
population of upwards of thirty millions in various parts where settlements 
nave been made, the proportion of mixed races is as much as fifteen per cent., 
that of the various JN egro tribes being eighteen, of native Indians twenty- 
seven, and of whites of aU kinds forty per cent. 

Since the mixture of races appears in some cases to have produced a 
really new and intermediate stock, it may be well to mention the instances 
of tms kind before proceeding to the subject of mixed races where there is 
Btill a doubt as to the permanence of unity of character of the produce. 

Among the instances of new tribes formed by the mixture of two weU 
marked races, that of the Griquas, or Griqua Hottentots, is mentioned by 
Dr. Priehard, as having been the result of the intermarriages of the early 
Duteh colonists of South AMca with the aboriginal Hottentots, while the 
Bo-called Cafosos form another race derived from the mixture of the native 
Americans of Brazil with the Negroes imported from Africa. The former 
tribes are a powerM and marauding race, Hving on the borders of the colonial 
territory on the banks of the Gareep or Orange Biver, along a distance of 
Beven hundred miles. Some of them are thriving a^culturists, and others 
are collected into a large community settled under Moravian missionaries. 

The Cafdsos exhibit very remarkable physical peculiarities. They are 
described by Spix and Martius {Beise dwrch Brazilien) as being slender and 
muscular — of a dark copper and copper-brown colour — Shaving an oval coun- 
tenance, with high cheek bones, but not so broad as the Indians ; broad and 
flattened nose, neither turned up nor much bent ; broad mouth, with thick but 
equal lips, which, as well as the lower iaw, proiect but little ; black eyes, 
intermediate in position between that of the Indians and the Negroes, and 
excessively long tudr, half curled at the end, and rising almost perpendicularly 
&om the forehead to the height of a foot or a foot .and a half. 

Another remarkable mixed race is seen in New Guinea along the northern 
coast, and in some adjacent islands, obtained from the mixture of Negro with 
Malay blood. These * Papuans,' as they have been called, have large bushy 
masses of half-wooUy hair, measuring from two and a half to three feet in 
circumference, and the people have for this reason been called ' mop-headed.' 
Their skin is deep brown, the hair black, the nose broad, and the lips thick, 
and the shape of the skull approaches that of the Malays. 

The mixtures of white with negro blood in America offer many peculiarities 
worthy of notice. The first issue of the European and African (called mulatto) 
is a medium in colour, figure, and even in moral qualities ; the colour being 
yellow, brown, or tawney, according to the complexion of the father, 
(mulattos derived from the marriage of a black man with a white woman are 
comparatively rare,) the hair cuned and black, the iris dark, and the race 
superior in cleanliness, capacity, activity, and courage, to the Negro. The 
successive addition of European blood is considered to restore aU ^Juropean 
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qualities in the third generation, and the same number of generations is 
required to reduce the race to the original I^egro. In the second stage, (ihe 
terceron — ^the produce of Europeans and mulaUos — ^the hair and features are 
European, and the former has no woolly curl, but the skin has a slight brown 
tint, although the cheeks are red. The next generation, the children of the 
European and the terceron (called the quadroon) are undistinguishable from 
whites. 

An interesting variety is obtained by the mixture of European with native 
Indian blood in South America. The offspring in this case is called mestizo, 
and has the hair black and straight, the colour almost pure white, and the 
skin peculiarly transparent, the iris dark, the beard small, the extremities 
also small, and the eyes placed somewhat obliquely. 

Among the various races of men, it is well worthy of notice, that the 
mixtures that most readily take place seem rSther at the will of the lower 
than the higher race — ^the "Negro woman willingly cohabiting with the white 
man at his pleasure, although the white woman rarely intermarries with the 
Negro man. It is also the case that the beardless or the woolly haired tribes 
acquire a Caucasian expression of beauty from a first intermixture, while 
yfery often both stature and form excel that of either type ; and in another 
case, in the second generation, the eyes of the Mongols become horizontal, 
and the face oval. The crania also of the Negro stock immediately expand 
in their hybrid offspring, and the impression on subsequent generations is 
more durable than wnen the order is reversed.** 

175 Influence of Man on other Animals^'-^There are perhaps many 
instances to be found in nature, where, owing to some local peculiarity of 
climate or vegetation, one race of animals multiplies to the injury or exter- 
mination of another, or is modified to adapt itself to altered circumstances 
It is only man, however, who is able to avail himself at will of the services of 
his fellow-creatures, and can induce them to change their place of habitation, 
their habits, and their natural tendencies, when such change conduces to his 
comfort or luxury. We must here consider a few of the cases where this 
modification is most decided, to understand folly the position of man in the 
scale of creation. 

In establishing himself in a new country, the colonist will naturally 
endeavour to avail himself of the existing and indigenous animals, to introduce 
others most useful and necessary for his purposes, and to destroy those 
species from which he can expect no advantage, and which may injure the 
products he desires. In addition to this, and wliilst introducing new animals 
and vegetables, he introduces also unwittingly others which depend on them 
for sustenance, and thus also tend to modify existing races. 

The tribes of animals most useful to man, ana which have been most 
generally domesticated, are, the dog and cat among camivora ; the ox, sheep, 
and goat among ruminants; the swine and horse amon^ pachydermata; 
the rabbit amongst rodents. Each of these offers many &cts showing the 
possibility of chfljige in external form, and even internal structure, to a very 
remarkable degree, when exposed to the influence of civilization. 

The dog as the companion of man in almost all countries has undergone 
changes so considerable, that it is now equally difficult to decide whether 
there was reallv but one orimnal stock, or whether the numerous races are 
onlv fertile hybrids. Of all the dogs, that of Australia lives in the wildest 
ana most natural state, and approaches in the structure of the skull most 
nearly to the wolf, exhibiting fittle sagacity, and being scarcely obedient to 
man. The Danish dog and mastiff come next in this respect, and are suc- 
ceeded by the terrier and the hound, in whose skulls a larger cavity is left for 
the brain. The shepherd's dog has a very considerable capacity of cranium, 
and in the spaniel and water dog this capacity is still greater. These and the 
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other varieties differ much in their stature and size, and in the shape of their 
ears and tails, which latter have from sixteen to twenty-one vertebrss, yarrinff 
in particular breeds. Some tribes have an additional toe or claw to the hind 
foot, and some haye additional or false molars. The hair also yaries greatly 
in different breeds, being in some ahnost absent, and in others ext^mely 
developed, either as long silky or woolly hair ; and, in short, the dog presents 
all the yarieties of hairy covering of the body met with in the entire class 
of mammaUa. 

iN^ow all these changes and modifications of the natural and original 
condition of the dog are due to his association with and employment by man. 
He accompanies his master to all countries, hunts with and defends liim in 
every climate and under all circumstances, never recurring to the wild state, 
or evincing any desire to recover his Hberty. It is difficult to know which to 
admire most, me pHancy and adaptability of the servant, or the pertinacity 
with which the whole race clings to the intellectual and moral superiority of 
the master. 

The ox and the sheep offer difficulties scarcdy less considerable, and 
present varieties almost as marked as the dog. Whatever we regard as the 
source of domestic cattle, and whether they are of one or more original wild 
yarieties, it is certain that they have undergone by domestication such changes 
in form, dimensions, structure, hair, horns, tail, and other important charac- 
teristics, that they are no longer to be traced back without the greatest 
difficxdty. The breed of cattle introduced by the early settlers in South 
America has, however, succeeded in covering that part of the western 
continent, and is fast destro3ring many iadigenous races. The sheep, also- 
one of the most anciently domesticated animals — is one in which very ereat 
varieties are displayed; and here it is probable that several species nave 
become mixed, and that many of the breeds are fertile hybrids. Some when 
transported to foreign countries retain their peculiarities more distinctly than 
others, but all seem to undergo great change after a few generations, approxi- 
mating to the local peculiarities of form and structure. In this animal, new 
breeds have been produced occasionally, by taking advantage of individual 
peculiarities and deformities, and no doubt the numerous varieties presented 
are all greatly influenced by human agency. 

The horse is found wila in some parts of Asia and Africa, but it is very 
doubtful whether in either case we see the original species, and not a 
cultivated race escaped from civilization ; and vaneties of size, shape, and 
colour are so marked, that all resemblance is lost by which we can decide the 
question of original identity. The swine, if not so ^atly varied, exhibits 
proof of change equally satisfactory, some breeds having sohd hoofs, others 
very long ears couched upon the back, others a large pendant beUy, and 
very short legs, while another, found at Cape Verd ana other places, has 
large tusks, crooked like the horns of oxen. 

On the whole, it undoubtedly appears that ' domestication effects a much 
greater change on the manner of existence than any removal from one 
country to another that can be imagined to take place during the continuance 
of the wild state. Its results are, in fact, more extensive on the nature of 
animals, for domestication is not a casual and temporarjr change effected in 
an individual, but the modification of a race, by which it becomes fitted to 
exist under new circumstances.' 

The phenomena of variation thus offered, may be grouped under three 
heads, involving — ^first, ^fferences of organic structure ; secondly, physiolo- 
gical, and, thiroly, psycholo^cal differences. 

The differences of orgamc structure depend at first either on an accidental 
variety propagated intentionally, and transmissible because of the tendency 
that exists throughout all nature to reproduce in the offspring the peculiarities 
of his immediate ancestor, or else of some modification directly produced by 
change of climate, better and more regular food, and more uniform shelter. 
External characters of many kinds connected with the skin, hair, &c., are 
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easilj modified in this waj, and even the shape of the head and pelyis, the 
proportions of the extremities, length of neck, and other points of strachuey 
admit of great yariety. 

Physiological yaneties or diversities in the internal constitution are so 
freqnentiy met with in individuals, that we can easily conceive differences 
to exist m races Ion? detached firom the parent stock, and subjected to the 
influence of myan. Tdb average duration of life, the number of the joung 

Sroduced at a birth, the period of gestation, the changes of constitution 
nring life, these are points which may be regarded as specific ; but even 
these yield, though to a smaller extent, to the effects of civilization and 
domestication. This is illustrated by the fiict, that the cows of South America 
and those of Europe differ in the time of giving milk. 

The habits ana instincts of animals present, in the case of ever^ species, a 
distinct psychological character, which has been less studied in its general 
natural-history viuue than as a subject of amusement and curiosity. GLhese 
habits and instincts are, however, capable of modification in an extraordinary 
degree by association with man, andTit is well worthy of notice, that instinct 
to whatever degree it is cultivated in a race, is immediately and ahnost per- 
fectly transmitted to the offspring, which accordingly will hardly re<]|uire 
teaching to perform the same tosks. That this is the case in dogs, especially 
sporting dogs, has been long known; but it is abo the same with other 
animals, as we are told ' the hereditary propensities of the of&pring of the 
Norwegian poneys, whether full or haDT-bred, are very singular. Their 
ancestors have been in the habit of obeying the voice of tneir nders, and not 
the bridle, and horse-breakers complain tlutt it is impossible to produce this 
last habit in young colts ; they are, notwithstanding, exceedingly docHe and 
obedient when they understand the commands of their master. It is equally 
difficult to keep them within hedges, owing perhaps to the unrestrained Hoeriy 
the race may have been accustomed to in iTorway.'* 

On the whole, then, it is clear that man has by domestication, and 
especially as he has himself advanced in civilization, very much changed and 
modified many tribes of animals, removing them into distant countries, 
inducing them to accustom themselves to different climates, and training them to 
habits and instincts altogether new and peculiar ; thus encouraging remarkable 
modifications in form, colour, integument, internal structure, and other points 
of animal economy, and, at lengui, permanentiy fixing numerous varieties, 
often more widely separated than the original type £om nearly allied but 
very distinct species. 

176 Influence qf Man on Inorganic Naiv/tei and on the Vegetahle 
IRngdom. — ^Wherever man plants himself, and advances beyond the mere 
animtd condition, by the exercise of his intellectual faculties — ^wherever, in a 
word, there is found any trace of civilized man, there we shall also find that 
exteinal nature has undergone some change. Thus, when immigration takes 
place to a country covered thickly with virgin forests, which have continued in 
the same state for hundreds or even tiiousands of years, the forests are soon 
cut down, and are replaced by fields of waving com. So where Nature has 
left wide stagnant pools, extensive barren tracts, or plains covered with 
plants useless to man, aJl these things are readily changed by his active 
exertions, and soon, in consequence of these alterations in condition, the 
climate also becomes modified ; this again, as we have already seen in the case 
of GhDrmany and elsewhere, reacting upon the physical characteristics of the 
inhabitants of the district. 

In a former chapter, when speaking of the natural limits of distribution of 
certain vegetable and animal species, and the representative forms met with 
under sinmar conditions of climate in distant countries, some reference was 
made to the power of man in this respect, and his habit of introducing by 
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art many plants and animals into climates altogether new to them. This, we 
haye also nad occasion to consider, as far as animals are concerned, in the 
present chapter, and now it is only necessary to recal a few striking facts, 
which will illustrate the same general law in the case of plants and climate. 

It is impossible even to imagine the original food of the human race, but 
we certainly know that the Banana and the Plantain must have been in use 
from a very early period, jsince neither of them, from the oldest times of 
which we have record, appeared in the state of nature, but only as essentially 
altered by cultivation. Very early, too, must men have made the large- 
seeded Grasses tributaries to his storehouse, for we know not the time when 
any of the plants now used as Bread-corn were transplanted from their 
native soil and rendered more useful to man. 

' A striking phenomenon, which indicates the enormous antiquity of the 
culture of the Cerealia is that, in spite of many most profound investigations, 
we have not yet succeeded in discovering the proper native country of the 
most important kinds of Com. Not one of the industriously inquiring 
travellers in America has ever met there with Maize otherwise than culti- 
vated, or as evidently an outcast from culture. With regard to our European 
kinds of Com, we have only very inaccurate indications that they have been 
found wild, here and there, in the south-western countries of Central Asia. 
But historv proves that those regions formerly supported so large a popu- 
lation, and that there existed so high a condition of culture, that the 
assumption can scarcely be justified that those Corn-plants now found there are 
anything but descendants from plants which have escaped from cultivation.* 
From our knowledge of the great eastern portion of Asia, we are aware that 
in China a dense population can, by a certain degree of industrial culture, 
succeed in extirpatmg every wild plant, and in clothing the land exclusively 
with vegetables intentionally raised. Except some few water-plants in the 
purposefy flooded rice-flelds, the botanist nnds scarcely any plant in the 
Chinese plains which is not an object of cultivation. Thus, it may not be at 
aU impossible that the Cerealia — ^perhaps originally (as is the case now with 
so many Australian plants) confined to a narrow region of distribution, which 
was taken possession of at an early period by a strongly developing population 
— ^have actually wholly disappeared from our Earth in the character of 
original wild plants. 'f 

Other most important and beneficial changes have been produced by human 
agency in the case of various fruit trees {e.g. Apple, Pear, and Cherry), and in 
the common table vegetables of temperate climates. Who, for example, could 
recognise the Cauliflower, Savoy, and other Cabbages in the dry, nauseous, and 
bitter-flavoured Colewort— the undoubted stock of these vegetables; or who, 
comparing the cultivated with the wild Carrot, could believe that the one was 
derived from the other. In all these cases, by actual cultivation, man is able 
to modify particular plants, and render even those which are apparently 
injurious usefrd articles of universal and gratefiil food. 

But much more than this is done — ^lor the work is done on a far larger 
scale — ^by those processes of clearing and preparing for human habitation 
to which we have already alluded, ^or are these processes always successful 
in permanentiy improving the district subjected to their influence ; for we 
find in ancient human records, or in those handed down by Nature herself, 
sufficient proof that parts of Egypt, Syria, Persia, &c., now burnt up by the 
sun, arid from want of water, ana allowing only a very sparine population, 
were once clothed with vegetation, well watered by considerable streams, 
and capable of feeding as many thousands as there are now hundreds. 

In contrast we may take the case of the Ehine and the country on its 



* Wheat grown from Beed obtained ftom Egyptian mummy cases of great antiquity has, 
within the last few years, been cultivatedin England. It appears to ha?e some peculiar and 
distinciiTe characters. 

t Schleiden's Plantt translated by Henfirey for the Kay Society, p. 297. 
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banks, where is now raised one of the finest of European wines, but where in 
the time of Tacitus not even the cherry, much less the grape, would ripen. The 
disappearance of the forests commenced and originated the mighty change. 
So luso, in other ca8es,Uie cultiyation of clover, requiring a moist atmosphere, 
has passed from Greece to Italy, thence to Germany, and is now flying still 
further towards the Western Ocean. In Egypt, Pythagoras forbad his 
scholars to live upon beans; but no beans grow there now to feed them. 
The wine of Mareotis, celebrated by Horace, and capable of inspiring the 
guests of Cleopatra, grows there now no longer. The pastures at tne foot of 
the richly watered Idn— Argos, once celebrated for its breed of horses — the 
Xanthus, with its hurrying waves — ^these are all histories of the past ; they 
are reminiscences of what man has done, but they are now no longer 
possible. 

We may conclude this view of the result of human cultivation, in Hhe 
words of Schleiden adapted from those of Elias Fries.* 

' A broad band of waste land follows gradually in the steps of cnltivation. 
If it expands, its centre and cradle dies, and on the outer borders onhr do 
we find ^en shoots But it is not impossible, only difficult, for man, wimout 
renouncm^ the advantage of culture itself, one day to make reparation for the 
injury which he has inflicted ; he is appointed Lord of Creation. True it is 
that thorns and thistles, Ol-favoured and poisonous plants, well named by 
botanists rubbish plants, mark the track which man has proudly traversed 
through the Earth. Before him lay original nature in her wild but sublime 
beauty ; behind him he leaves the desert, a deformed and ruined land ; for 
childish desire of destraction, or thoughtless squandering of vegetable 
treasures, have destroyed the character of nature, and man himself flies 
terrified from the arena of his actions, leaving the impoverished Earth to bar- 
barous races or to animals, so long as yet another spot in virgin beauty smiles 
before him. Thus did cultivation, driven out, leave the East, and perhaps the 
deserts, former]^ robbed of their coverings ; thus, like the wild hordes of 
old over beautiral Greece, this conquest is now rolling with fearful rapidity- 
through America, the eastern countries becoming barren through the demoh- 
tion of the forests only to introduce a similar revolution into the far west.' 

177 Effect of Inorganic Nature on Man, — We have seen that whatever 
effect 18 produced by human agency on the animal and vegetable world, reacts 
on the human race m its turn, ana thus at length modifies its physical charac- 
teristics. But the civilization of any great natural family of men is an event 
which depends on something more than accident, and which is doubtless very 
much influenced by the circumstances of external nature, so that it becomes 
necessary to consiaer how far we can fairly refer many differences that we see 
to such external influence as climate, fertiuty, and geographical position. 

With regard to all these points, it seems certain that man, although 
perfectly capable of settling and becoming the permanent inhabitant of almost 
any part of the Earth, yet has not the higher qualities and powers of his 
nature developed except in temperate latitudes ; where his time is neither 
entirely and necessarily divided oetween the search for coarse animal food 
and the repose and torpidity induced by extreme cold, nor, on the other 
hand, entirely at his own disposal, in consequence of the abundance of fruits 
presented by a too bountiful iNature and always ready at hand when he desires 
food. The former is the case with the Esquimaux and other tribes of 
Northern Asia and America, and the latter occurs in diose warm islands and 
shores (of which there are many) where the labour of a day will supply a week's 
food, not only for an individual but for the family dependent on him, 
and where the lassitude arising from heat encourages almost total idleness. 
The north temperate zone has from the commencement of civilization been 
the cradle of all those races which have had force and energy to conquer, 
talents to govern, and ingenuity to advance in the mechaniccQ and fine arts. 



* Schlciden's Plant, ante cit., p. 306. 
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Difficulties have always tended rather to excite the powers than to check the 
efforts of man ; and, therefore^ in the end, those who hare had most to do in 
their contest with Katore hare not only done the most, but have taken abso- 
lutely the highest place, and produced the ^eatest effect upon their feUow- 
men. At all times, the Chinese haye exhibited a certain amount of civiliza- 
tion. and in ancient times the Egyptian, the Babylonians, the Assyrians, and 
the Chaldees, and the Hindoos m the eastern division of the great Indo- 
JSuropean world — ^more recently the Greeks, and after them the Somans*- 
and in modem times, the inhabitants of countries still further west have taken 
the lead* and have carried the arts and sciences to gradually increasing 
perfection ; but it is important to remember that this mis been done in pro- 
portion as the climate of these countries has undergone change, and that the 
miproYed civilization of the western races has been accompanied, if not 
assisted, by a gradual equalization and amelioration of the temperature, the 
winter becoming less severe, and the summer longer and more aviulable, even 
if the absolute amount of heat distributed in me year has undergone no 
considerable alteration. Thus eadi of l^e three great natural families of man 
inhabiting the temperate zone, have always presented some people of principal 
civilization, but those tribes dwelling in tropical countries have not advanced 
far, and many of them have never emerged from the darkness of absolute bar- 
barism. And while we find the advancmg nations of the western hemisphere 
always exhibiting their highest qualities where a necessity for exertion was evi- 
dent without a satisfactory result being hopeless, the nations of America before 
the discovery of that continent by the Europeans had also attained a certain 
though small amount of civilization, presentmg in some respects a parallel to 
the Assyrians and Egyptians, but not tending, it would seem, to any further 
or more useM advance, and thus to be compared with the Chinese rather 
than the Indo-European race. 

Although an important relation certainly exists between the state and 
condition of nations and the circumstances of their physical geography, the 
opinion of M. Victor Cousin can by no means be entertained— -namely, that 
if any country be examined in reference to Hie latter, it will be possible to 
tell h priori what is the condition of men in that country, and what part its 
inhabitants will ad in history. The exceptions to this rule are important, 
for they occur in those cases where a mixtiure of blood or the immigration of 
a different stock has changed the tendencies of the inhabitants. The objects 
first to be obtained in a new settlement are food, needful raiment, and sufficient 
shelter from the inclemency of the weather. If these are either too easy or 
too difficult of attainment, the development of the race, so far as the exercise 
of the higher powers of human nature are concerned, is checked and pre- 
vented; but if these require moderate exertion and call for ingenuity, and if, 
moreover, the race is one of those in which intellectual advance is the rule, 
and not the exception, then may we expect that the very struggling to over- 
come difficulties will give fresh power and energy, and induce the exercise of 
the various useful arts and sciences. 

178 Statistics of the HunumBacer-^There axe some mmer^^ 
facts regarding the human race in its various natursd divisions, that seem 
worthy of notice in this place, as bearing upon the general subject before us. 
Thus, the estimated population of the globe, the way in which it is believed 
that population is distributed, the rate <h increase, the limits of increase, the 
relative physical development of various races, the duration of life, and other 
similar matters, possess much interest, and assist us in obtaining accurate 
notions with regard to the human race. 

According to BaJbi, the actual present population of the globe is about 
737 millions, distributed as follows : — 

£urope, with its adjacent islands 227,700,000 

Asia, ditto 890,000,000 

Africa, ditto 60,000,000 

America, (North and South,) ditto 89,000,000 

Australasia, and other islands of the Pacific ... 20,300,000 
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The number of square xnileB of land on the Eariih is estimated as about 
51 i millions, and, therefore, we have, on an arera^, about fourteen and a 
third persons to a square mile. To pre an idea of the amount of increase 
oonceiyable, we may state that in Ghma it has been estimated that more than 
a hundred persons, on an average, are planted on each square mile of that 
vast empire, although very large tracts are hopelessly barren ; while, as the 
population of En^and and Wales at the last census was about fifteen 
mi&ions, and the countries together contain about 60,000 square miles, there 
are seen to be with us not less man 900 on an average to each square mile. Of 
tibe whole population, however, one-third reside in large towns (of 10,000 and 
upwards). 

The rate of increase of mankind it is not easy to calculate, except in very 
limited districts. In the thickly peopled districts of England, the increase in 
ten years, ending 1841, amounted m towns to 20*2 per cent. ; in the rural 
districts to 11*2 per cent. ; and in the whole population together to 14*4 per 
cent. The anniul increase may, perhaps, be fairly estimated as being now 
about one and one-third per cent. 

Of the whole population of the world, it is thought that about one thirtv- 
third part (three per cent.) die every year, and that the stock is during the 
same interval increased by somewhat more than a thirtieth (three and a third 
per cent). This would give about 23f millions bom, and 21^ millions djring 
m each year. Although, however, the average mortality is reckoned so nigl^ 
the mean average of life in the buman race is much more than thirty years, 
and in spite of the large number of children and young persons wno meet 
with an early grave, (one-fourth of the infants bom dying oefore they are a 
year old, wmle half the whole number do not attain the age of twentv-two 
years,) the mean duration of life must be considered to amount to &om thirty- 
eight to forty-two years, according to circumstances. 

The number of male children bom in civilized countries exceeds that of 
females by about one-twentieth nart, but in consequence of greater exposure 
to accidents, the destruction of life by war, and imhealthy employments, the 
mortality of males is greater, and finally the women are more numerous than 
men. In Ghreat Britain, at the last census, there was an excess of female 
population to the extent of 240,181, (being in the proportion of thirty-nine 
to thirty-eight nearly,) although tiiere was during that period an annual 
excess of male births in the proportion of twenty to nineteen. 

The average number of chil<&en to a marriage in Europe varies in different 
countries, from three and a half to nearly ^ve and three-quarters, being least 
in Northern Europe and greatest in Savoy. It may be considered that the 
ordinary proportion in EngUind is four births to each marriage. Perhaps 
one cause of the proportion being comparatively small in England is, that 
from prudential and other motives, marriages fre^uenUy do not take place till 
somewhat later in life than in many other countries in Europe ; but another 
and more important one arises firom the fact that so large a proportion of the 
inhabitants awell in large towns. 

The general proportion between births and deaths taken one year with 
another, and for a large extent of the civilized world, may be considered to vary 
between 100 and 150 oirths for every 100 deaths. It is probable that a larger 
proportion than the latter can hardly exist under the most favourable circum- 
stances, while the former can only take place where there are some causes of 
unusual and even fearful mortality. 

The true proportion between births and deaths for a number of years 
cannot at present be determined with certainty, owing to a want of accuracy 
in the registrations. In England, however, it is probably as 160 to 100. 

With reference to the original peopling of the Earth itself, or of new 
ooimtries, it has been calculated that under very favourable circumstances the 
human race mav be tripled in about twenty- four years. It has, also, been 
supposed that tne posterity of one male and female might in three hundred 
j'cars, if not interfered with, amount to a population of about 4,000,000 of souls. 
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The ordinary mortality of a country with reference to its whole popula- 
tion yaries, of course, according to the climate and mode of life of the people. 
In England (including Wales), it is estimated to amount to about one forty- 
sixth, that proportion of the whole population dying annually. In France, 
it is estimated at one-fortieth, and in iEussia the same ; while in some selected 
spots, as, for example, in North Wales and part ^ Surrey, it reaches to only 
one fifbf-fifth. 

In England, at the last census, the ages of nearly 16,000,000 of individuals 
were returned, thus giving very interesting facts with reference to the duration 
of human life. We quote this table as given in MaccuUoeh's StatiHics of the 
British JEmpire, (vol. i. p. 424) :— 



Aaza. 


Popnlatioii calculated for 
July 1, 1841. 


Deaths registered In 
1841. 


Annual mortality \ 
per cent. 


One death to so 

liTlng of each 
year tut are In 
thiiUbla. 




Fenons. 


Males. 


Females. 


Persons. 


Hales. 


Females 


Mean. 


Males. 


Females 

1 


0-1 


429,419 


210,507 


218,912 


74,210 


41,444 


32,766 


17-366 


19-726 


14-984 ! 


6 


1-2 


429,803 


215,493 


214,310 


27,268 


13,987 


13,281 


6*353 


6-503 


6-204 


16 


2-a 


4JW,276 


218,208 


219,068 


15,027 


7,616 


7,511 


3*441 


3-451 


3-432 i 


29 


3-4 


410,077 


203,653 


206,424 


9,914 


5,028 


4,886 


2-422 


2-474 


2-370 ' 


41 


4—5 


401,655 


201,238 


200,317 


7,164 


3,620 


3,544 


1-786 


1-802 


1-771 . 

1 


60 


0—5 


2,108,180 


1,049,099 


1,059,031 


133,583 


71,695 


61,988 


6-349 


6-833 


6-860 


16 


5-10 


1,906,576 


953,893 


952,683 


17,868 


9,093 


8,775 


•938 


•965 


•922 


107 


10-15 


1,733,652 


881,129 


852,523 


9,116 


4,478 


4,688 


•527 


•609 


-545 


190 


15-20 


1,588,340 


782,425 


805,915 


12,056 


5,604 


6,462 


•759 


•718 


•801 


132 


20-35 


1^51,703 


724,013 


827,690 


13^922 


6,633 


7,289 


•900 


•918 


•882 


HI 


S5-30 


1,284,020 


611,390 


672,630 


12,889 


6,045 


6,844 


r005 


•991 


1-019 


100 


30-35 


1,167,954 


565,226 


602,728 


11,414 


5,422 


5,992 


•978 


•961 


•995 


102 


35-40 


885,306 


436,430 


449,876 


11,195 


5,385 


5,810 


1-266 


1-239 


1-293 


79 


40^-45 


888,806 


435,991 


452,816 


10,610 


5,261 


5,259 


1185 


1-207 


1163 


84 


45-50 


639,202 


313,709 


825,493 


10,244 


5,322 


4,922 


1-607 


1-700 


1-514 


62 


60-55 


634,940 


307,435 


327,469 


10,811 


5,673 


6,138 


1-710 


1-849 


1-671 


58 


55-60 


392,166 


189,816 


202,350 


10,562 


5,418 


5,134 


2^700 


2-860 


2-540 


37 


60-«5 


440,110 


209,248 


230,862 


13,813 


7,090 


6,723 


8155 


. 3-395 


2-915 


32 


66—70 


259,839 


120,829 


139,010 


14,071 


6,881 


7,190 


6-442 


5-706 


5-178 


18 


70-75 


224,431 


104,188 


120,293 


15,569 


7,630 


7,939 


6-974 


7-841 


6-607 


14 


75-80 


120,015 


55,663 


64,362 


14,525 


6,992 


7,533 


12-162 


12-586 


11-717 


8 


80-85 


70,494 


31,136 


39,358 


11,681 


6,358 


6,823 


16-662 


17*242 


16-083 


6 


85-90 


24,008 


10,149 


18,859 


6,550 


2,841 


3,709 


27^418 


28-047 


26-790 


4 


90-95 


6,541 


j M93 


4,048 


2,243 


898 


1,345 


84-677 


36-091 


33-264 


3 


96—100 


1,421 


497 


924 


604 


220 


384 


42-972 


44-362 


41-592 


2 


100 and \ 
upwards/ 


249 


82 


167 


110 


29 


81 


41-829 


35-221 


48-488 


2 


AUages 


16,927,867 


7,783,781 


8,144,086 


343,847 


174,198 


169,649 


2-160 


2-238 


2-083 


46 
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In this table the whole population of England is included, and the last 
oolnmn shows the mean mortality at any given age. Thus, between the ages 
of fifteen and twenty, one person out of every one hundred and thirty-two 
dies per annum. The annual mortality column, read without regarding the 
decimal points, expresses also the number who die each year of any age out 
of every hundred tnousand. 

The mean age of the male population of England, taken from this table, 
would be twenty-five and a hair years, the young predominating, owing to 
the increase in tne population, and the higher average of deaths in the earlier 
periods. K the community were stationary, the mean age of the people would 
be {ceteris jparibus) thirty-two years, and the mean age of death a little more 
than forty -one years. 

We nave given these latter statistical details chiefly from our own 
country, because the information is, we believe, at least as fiill and accurate, 
and the general result as satisfactory, as is the case with an^ others that have 
been published. In many respects, too, they contain positive data not else- 
where to be obtained, but it ia right to add mat the Belgian statistics are also 
most carefully and minutely tabmated. 



General Conclusion, 

We have now reached the close of our work on this great subject 
of Physical Geography, and it might, perhaps, be thought advisable to 
revert to the main facts placed before the reader, or consider the general 
harmony of the subject and the mutual bearing of every part on the whole. 
But, in fact, it would be difficult to collect mto a few pages the results 
of the numerous facts already presented in a condensed form, and it is 
better to give a simple outline of the advantage that ought to be derived 
by the student than endeavour merely to impress upon him the extent or 
the difficulty of the task. If we look back to the middle ages and notice 
the rarity of general information and the difficulty of obtaining it, we may 
perceive some excuse for the practical as well as intellectual ignorance of 
the multitude of that day. They could and did observe isolated facts, of what- 
ever kind, even as we do now, and the phenomena of nature did not, we may 
be sure, ihen pass unnoticed by the shrewd and thiuking men who were in a 
nosition to observe them. £iut there were no means readily at hand of 
«preading and comparing information, and thus, before the invention of 
printing, facts were almost useless, because they were isolated, and could not 
convementlj be worked into that form in which they become materiab for 
generalization. The discovery of printing gave a facility for this, and then 
'the sparks of information, from time to time struck out, instead of glimmering 
for a moment and dying away in oblivion, began to accumulate into a geniiQ 
glow, and the flame was at length kindled which was speedily to acquire the 
strength and rapid spread of a conflagration.' But although this outbreak 
of science, and its sudden and va^t expansion, and steady, unremitting 
progress up to the present time have indeed been marvellous, it is manifest 
that there is still much room for further increase when the people of each 
country shall be sufficiently well informed on every subject to bring their 

Sowers of observation into useful bearing, and occupy their leisure with 
istinct investigations of Nature and her works. It is the accumulation of 
knowledge by the people individually, that must be looked to as the source of 
great ftiture discoveries, and such knowledge as that presented in the present 
volume is chiefly valuable as it rives useful, correct, and practical information 
to those who wish to learn and are willing to be useful. To quote again 
from the beautiful essay by Sir John Herschel, (already referred to above,) 
* It is obvious that all the information that can possibly be procured and 
reported by the most enlightened and active travellers must fall infinitely 
short of what is to be obtained by individuals actually resident upon the spot. 
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Travellers, indeed, may make collections, may snatch a few hasty observa- 
tions, may note, for instance, the distribution of geolo^cal formations in a 
few detacned points, and now and then witness remarkable local phenomena ; 
but the resident alone can make continued series of regular observations, 
such as the scientific determination of climates, tides, ma^etic variations, 
and innumerable other objects of that kind required ; can alone mark all the 
details of geological structure, and refer each stratum, by a careful and long- 
continued observation of its fossil contents, to its true epoch ; can alone note 
the habits of the animals of his country and the limits of its vegetation, or 
obtain a satisfactory knowledge of its mineral contents, with a thousand 
other particulars essential to that complete acquaintance with our globe, as 
a whole, which is beginning to be understood by the extensive designation of 
Physical Geography; besides, which ought not to be omitted, multiplied 
opportunities of observing and recording those extraordinary phenomena of 
if ature which offer an intense interest from the raritv of their occurrence, as 
well as the instruction they axe calculated to affora. To what, then, may 
we not look forward, when a spirit of scientific inquiry shall have spread 
through those vast regions in which the process of civilization, its sure 
precursor, is actually commenced and in active progress P And what may 
we not expect froin tne exertions of powerful minds called into action under 
circumstances totally different from any which have yet existed in the world, 
and over an extent of territory far surpassing that which has hitherto 
produced the whole harvest of human mtellectP In proportion as the 
number of those who are engaged on each department of physical inquiry 
increases, and the geographical extent over which they are spread is enlargedf, 
a prcxportionately increased facility of communication and interchange of 
knowledge becomes essential to the prosecution of their researches with full 
advantage. I^ot only is this desiraole to prevent a number of individuals 
from m^dng the same discoveries at the same moment, which (besides the 
waste of v^uable time) has always been a fertile source of jealousies and 
misunderstandings, by which ^reat evils have been entailed on science, but 
because methods of observation are continually undergoing new improve- 
ments, or acquiring new facilities, a knowledjge of which it is for the general 
interest of science should be difiused as widely and as rapidly as possible. 
By this means, too, a sense of common interest, of mutual assistance, and a 
feeling of sympathy in a common pursuit, are generated, which proves a 
powemd stimulus to exertion ; and, on the other hand, means are thereby 
afforded of detecting and pointing out mistakes before it is too late for their 
rectification.** 

It has been the object of the author to prepare a treatise which shall be 
useful in the way thus alluded to, and since ' one of the means by which an 
advanced state of physical science contributes greatly to accelerate and secure 
its further progress is the exact knowledge of physical data,' and that these 
data can only be known and made use of to advantage by the help of general 
knowledge of natural as well as mathematical science, he trusts that his 
portion of the present work is adapted to advance science in the right 
direction. 



Herschel's freliminmry IHscounet p. 849. 
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GEOGRAPHICAL TERMINOLOGY. 



CHAPTER I. 

9 1. Hfitate and dirisknif of the sntileet— 9. Of podttye position.— 8. Of relative position^— 
4. Of land and water in extent. — 6. Of land In elevation. — 6. Of water not in motion. — • 
7. Of water in motion. — 8. Of the natural prodOfCtiona of the surface of the earth. 

l^ATUBE and Divinons qf the SaJ/ccf.— Descriptire GFeograpliy lias for 
2.1 its object to give the loiowledge of the superficial character of the 
Earth's surface, and its productions, whether vegetable or animal. It 
is, however, impossible to confine it s^ctlj to these things, inasmuch as no 
description of either its vegetable or animal productions would be satis- 
factory if it were not accompanied by the knowledge of the things on 
which they depend, as soil, cumate, &ic., which belong to the department 
of Physical G-eoCTaphy, and more especiidly of man, for whom the present 
state of the globe was designed, and those works of his by which it is 
covered. But this involves some historical considerations ; for it must be 
evident that in the same place may be found the results both of man's 
present and past labours. The fisherman's hut stands on the ruins of Tyre, 
the black tent of the Arab on those of Nineveh, vegetables transplanted 
formerly may appear indigenous now, and therefore the description of any 
country must vary much, accordiiLg to the time with reference to which it is 
given. Descriptive Geography is, however, more immediately concerned with 
me greater and more abiding features of the surface of the Earth; the 
division of the Earth into kingdoms and states, with its results, belongs rather 
to Political Geography; the dianges effected bv man's residence in particular 
places, to Topography; but the latter involves itself with the former so 
mtimately that it cannot be separated firom it, for the knowledge of places 
(rotrog, a place) includes both their natural character, and the effect of man's 
residence in them; the first coming under the head of Descriptive Geo- 
graphy, and the second under Pohtical; but as Topography descends to 
minor details and measurements, which have no direct or at least apparent 
effect on the world at large with which Geography proper concerns itself, and 
as the limits of the present work preclude mmute details idtogether, the 
description of the surface of the Earth may more profitably be considered in 
it under two leading divisions :— 

1. The Earth's surface and natural productions. 

2. The Earth's surface as affected by the residence of man upon it. 
The first, it will be observed, is but an extension of what has been already 

treated of in Physical Geography ; the mode in which it is to be treated 
must, however, be different. Science, it is true, is one and indivisible, but it is 
presented to our minds under different phases and in various connexions, 
and the unity is preserved, if the principles on which it depends are not 
violated, even if it be viewed from another aspect. 

To describe any given part of the Earth's surface, three preliminary con- 
siderations are required: — 1. Position. 2. Extent, or horizontal contour. 
3. Form, or vertical contour. 

Position is both positive and relative. The first is determined by Mathe- 
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matical Geography ; the eecond is the result of extent and form, as has already 
been shown in Physical 6eo0*aphy. Extent is dependent on form; but 
inasmuch as we are accustomed to obtain our knowledge of the Earth's surface 
from artificial globe8> maps, and charts, and that which is first apparent on 
them after the position, is tiie extent of the countries depicted, it is better in 
description to preserve the order in which they are given above. 

2 Cf Positive Position. — If the globe of the Earth were a perfect 
sphere, and did not revolve in one unuorm direction, arbitrary means could 
alone be resorted to, to determine the position of places ; but being an oblate 
spheriod, having its shortest diameter for its axis of revolution, two points 
and one circle are at once determinable on its surface. The points called the 
Poles, at the north and south extremities of that axis, are so named with 
respect to their relative position to a certain point in the heavens, to which 
the mariner's compass, by the magnetic power imparted to it, is directed. 
(See Jf (t., p. 6; and P. &., p. 196. J In strict accuracy, a circle drawn round 
the Earth equidistant from those points, has its circumference greater than 
any other which can be described on the globe. (See Charto^rc^hy, p. 179.) 
This circle, thus distinguished both in character and position, is caUed the 
Equator ; by it the globe is divided into two equal parts or hemispheres, 
and another element for the right estimation of the position of any place 
obtained. In practice, however, the difierence between this circle and any 
other drawn tnrouffh two equidistant points on the globe, (having a longer 
diameter between Siem,) is mappreciable. As every circle is divided into 
360 degrees, circles drawn through the poles, dividing the equator into that 
number of parts, or, if the scale admit, subdividing these again into minutes 
or other eaual parts, will form limits by which the position of places may be 
ascertained; but as in a lateral direction— i. e. in theline of the equator — ^there 
are no fixed points like the poles, an arbitrary distinction between these 
circles has been necessitated, and this every nation has naturally made for 
itself, each reckoning these circles from some point apparently most desirable 
from local or political connexion. (See Chartoffraphv, p. 181.) We, in England, 
reckon from Greenwich, because the National Observatory is there ; and 
these circles, called Meridians of Longitude, numbered from thence, enable 
us to ascertain the distance of any place from the meridian of that place in 
degrees ; but as circles drawn through the same point approach each other, 
as they approach that point, so although the same number of degrees are 
estimated oetween eacn meridian, the length of a degree becomes less and 
less in proportion to its nearness to the poles. It becomes, therefore, neces- 
sary to limit the number of these circles, or the upper part of globes and maps 
would soon become confrised by them ; small divisions of lateral space must, 
on this account, be ascertained on a globe by the use of the brazen meridian 
and horizon, or by a graduated scale, or on a map by measurement. Degrees 
are thus estimated by inspection, but they may be reduced to miles by the 
ndes already laid down (see M. G,, p. 72), or by reference to a table (see 
Appendix A), it being remembered that a degree at the equator is sixty 
geo^aphical miles in len^h. 

The meridians of longitude, or circles drawn through the poles, are of the 
same circumference* — ^viz., 360 degrees, of sixty miles to a degree, they are 
commonly balled great circles ; but, as those circles only can be great circles 
which are drawn through two points equidistant from each other, circles 
drawn, dividing them into equal parts, and consequently parallel to the equator, 
must be of less circumference, and gradually decrease as they recede from it : 
such circles are called Parallels of Latitude — ^parallel, because parallel to the 
equator, and of latitude now with justice, because they are on each side of it. 
The name, however, was adopted oy the ancients when it was supposed that 
the extent of the Earth from east to west (its therefore so called longitude,) 



* On the comparative magnitudes of small and great circles, (See M» (?., p. 24.) 
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was greater than that from north to sonth, therefore called its latitude. The 
latitude and longitude of any place — ^i. e. its position on the surface of the 
Earth— is ascertuned by observing what meridum and parallel cut each other, 
or what minuter divisions intersect, where it is situatea. 

The position of the Earth with respect to the Sun, its annual and diurnal 
rotations, afford additional means of estmiating position. The apparent path of 
the Sun on the surface of the Earth is indicated by a sreat circle cuttmg the 
equator diagonally, called the Ecliptic (see M. G,, p. 1^ ; the two points equi- 
distant from each other where the two circles intersect are called the Equinoctial 
points (see If. &,, p. 56), and these for certain periods afford points from which 
to measure distance in its relation to time and the seasons. The extreme 
distances north and south of the equator to which the ecliptic reaches, mark 
the extreme points at which the Sun is ever yertical; these are termed 
Solstitial : and the zone or belt thus formed round the Earth limited by 
circles corresponding to the 23Y* of latitude, and called respectively the Tropic 
of Cancer and the Tropic of Capricorn, from the signs or the Zodiac farthest 
from the equinoctial points, is called the Torrid Zone, and any place lying 
within it is said to be within the tropics. Beyond this, as far north and south 
as the 66}° of latitude, the Temperate Zone extends, and from thence to the 
Poles, 23}°, the Arctic and Antarctic respectively. 

In Physical Geography, as has been noted, other zones, having reference 
to temperature, climate, natural productions, &c., are recognised, and all 
these may be applied to the estimation of the position, but rather relative 
than the positive, of places on the surface of the Earth. 

3 OfReUxtive PosUion.^^Aa all estimation of position in longitude must 
be to a certain extent arbitrary, east and west are only relative terms, and 
although position, north or south, is capable of more exact definition, yet 
when apphed to the position of places with respect to each other, they like- 
wise become relative. A place near the South Pole may be north of another 
still nearer that point — ^may be north, of one and south of anotherplace, 
or east, or west, or vice versa. This is relative position on the globe. Blaving 
determined the position of the great continental masses, we may, in describing 
any place consider— 1. What position it occupies in them, and in which of its 
^eat natural divisions it is to be found ; 2. To what physical division or district 
it belongs ; 3. How it is affected by political divisions ; 4. Its position viiih 
respect to commerce. Each of these may be a^ain re-considered in a general 
or particular relation, in a topographical or restncted, or a geographical or more 
enlarged sense ; and although our object is to avoid topographical details as 
much as possible, the description even of countries, whether considered in 
their physical or political relations, would be very incomplete were not both 
attenaea to. 

Belative position my not only be considered in extent, but in eleyation; 
the point of departure for calculation is, by common consent, assumed at the 
sea level ; and it may be estimated not omj in actual height in miles, yards, 
or feet, but in regions of temperature also, as already noticed, the temperature 
decreasing with the elevation. (See P. O,, p. 325.) As, however, this yaries, 
not only with the elevation, but in propomon as it recedes north or south 
from the influence of the Sun's rays, position thus estimated is more especially 
relative. Vertical position may oe reckoned not only above but below the 
level of the sea ; some, but comparatively few, places on the Earth's surface 
being thus distinguished. 

from the considerations already entered into in the part on Physical 
Greography, it is apparent that the horizontal contour of the Ismd depends on 
the sea by which it is bounded, while that again is the result simply of 
depressions in the land ; and thus the form or vertical contour of the Earth's 
surface is the origin of all its superficial divisions ; it is also that which is most 
apparent to the eye of man; but, on the other hand, the elevations and 
depressions on the Earth's surface are, when compared with its extent, 
entirely insignificant. 
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4 CfLand and Water in Extent. — ^The principal divisions of the land are 
called Continents, those of the water, Oceans. Of the former, it was customary 
to reckon four, Europe, Asia, Africa, and America; to these some added a 
fifth, Australia. Having regard, however, to the meaning of the word, and 
guided by the practice of modem geographers, the definition already given 
^ee P. 0,t p. 216) has been adoptef— Continent, that which is connected 
together and continuous. There pe therefore only two continents, the Old 
andthel^ew — ^the former containing Europe, Asia, and Afirica; the latter, 
America, North and South; to these the terms east and west have been 
respectively applied. They are, of course, only relative. The oceans divide 
the continents &om each other. 

Ocean is a word adopted from the Greek, and, from the use of its cognates 
in languages of similar origin, seems to embrace ideas of extent and depth, 
as weU as of production or generation. Bochart and others suppose it derived 
from a Syriac word which signifies to ' encompass.' This is probably conse- 
quent on the use of the word among the Greeks, who supposed the ocean to 
encompass the land, as its connexion with production appears to be the 
result of the m3rthological transmission of the history of the general deluge. 
In its largest extent it is now taken to mean the whole body of water on 
the surface of the globe, the surface drainage of those portions entirely 
surrounded by land alone excepted. It has oeen usually divided into five 
parts, all retaining the general appellation — the Atlantic, the Pacific, the 
IniUan, the Arctic, and the Antarctic; imtil lately their respective limits were 
very indefinite, but in 1845 the Boyal Geographical Societj^ of London 
appointed a committee to consider the subject, and their report is thus given 
in Johnson's Glossary of Geographical Terms :* 

* That the limits of the Arctic and Antarctic Oceans, respectively, be the 
Arctic and Antarctic Circles ; that the limits of the Atlantic on the north and 
south be the Arctic and Antarctic Circles, that its western limit be the coast 
of Ajnerica as far south as Cape Horn, and thence prolonged on the meridian 
of that Cape until it meets the Antarctic Circle ; that its eastern limit be the 
shores of Europe, Africa as far south as the Cape of Gt>od Hope, and thence 
prolonged on the meridian of Cape Lagullas, till that meridian cuts the 
Antarctic Circle ; that the Indian Ocean do extend from India and Persia 
on the north to the Antarctic Circle on the south ; that its western limit be 
the shores of Arabia and Africa, as far south as Cape Lagullas, and thence 
along the meridian of that Cape to its intersection with the Antarctic Circle ; 
that its eastern limit be the west coast of the Birman Empire, and a part of 
the Malayan peninsula, the west coasts of Sumatra, Java, Timor, and 
Australia, as far as the southernmost point of Yan Diemen's land, and thence 
continued along the meridian of tlmt poi;it to its intersection with the 
Antarctic Circle ; that the Pacific do extend from the Arctic Circle on the 
north to the Antarctic Circle on the south ; that its western limit be the east 
coast of Asia and of the Island of Sumatra, the northern shores of Java, 
Horn, and Timor, and the coasts of Australia, from Melville Island, round to 
the souUiiem point of Yan Diemen's Land, and along its meridian to the 
Antarctic Circle ; and that its eastern limit be the west coast of America and 
the meridian of Cape Horn as far as the Antarctic Circle. It was further 
agreed, that the Atlantic and Pacific Oceans be subdivided into three portioni9 
*— a northern, a southern, and an intertropical — and that the Indian Ocean 
have but two divisions, an intertropical and a southern.' 

It is obvious that such questions as these can only be decided arbitrarily, 
for it will be observed, that some of the limits given are natural and some 
artificial, and as without authority the universal consent of geographers can 
scarcely be expected, it is not only within the province of such societies as 



* We beg to acknowledge here, once for all, our obligations to this very usefkil and able 
Httle work. 
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the Bojal Greographical Society to express an opinion n|K)n tbem, but 
the duty of every geographer to submit his individual opinion to their 
collective dedsion. If, however, the universal consent of all students of this 
science is to be hoped for to anything upon its own merits, it might well be 
to this, for the limits given are, as was to be expected, clear and well defined, 
and subject to no reasonable objection. 

(The Distribution of Land tSud Water, their normal shape, <&c., are treated 
of in P. &.t chap, iv.) 

Besides these great and more general, the ocean is susceptible of smaller 
divisions, dependent like them on t!ie confifipiration of the land. The 
next in extent and importance are usually said to be Seas. The word Sea 
is of very indefinite application, being often convertible with Gulf or Bay. 
It is used in contradistmction to land in a general sense, and in its special, 
applied to divisions of the ocean, but apparently without rule. Some seas, as 
the Mediternmean Sea, are very nearly surrounded by land — ^some more 
open, as the sea of Kamsohatka. The etjrmology of the word (from the Saxon 
S4B seege) is rather suggestive of the former, meaning a repository, basin, 
cistern, — this would, however, include the (^ulf of St. Lawrence, Hudson's 
Bay and Baffin's Bay among the seas. Some lakes have been denominated 
seas, as the Caspian, and the Lake of Gennesareth, called sometimes the Sea 
of Gahlee. It is much to be desired that some decision was arrived at 
in this matter by the Geographical Society. The word Gulf is, as has been 
seen, sometimes used convertibly with Sea; it appears to be properiv the 
intermediate term between that and Bay; it is aerived from the Ureek, 
jcoXn-of , implying hoUowness, depth. Homer uses the word for a bay or creek, 
(H. b. ii. 1. 660,) and it is explamed by Eustathius and Strabo to mean a sea 
enclosed between two promontories ; it is generally esteemed to differ from a 
BajT in being deeper than it is broad at its entrance ; the latter word being 
derived from a Saxon root, signifying to bend, (or possibly from hyge, an 
angle^— any deep bend of the sea should in propnetj be called a Bay, 
and m contradistinction to a Gulf, it should be wider at its entrance 
than in depth ; but this definition wiU not hold good in practice, for then 
Baffin's Bay cotdd not be so denominated. In the absence, kowever, of 
any exact definition of these three terms, the following may be proposed^ 
a Sea, any deep recess of the ocean which may be entered by more than one 
principal channel; a Gulf, any similar recess, having only one; aBay, aa 
mdentation of the ocean, lyinf open to it. In case, however, of tiiie adoption 
of this, or indeed any exact definition, the present names must be changed. 
The Mediterranean and Bed Seas would cease to be so termed, and 
Hudson's Bay and Baffin's Bay would become Gul& or Seas. The term Bight 
is synonjrmous with Bay. 

The passages by which a gulf, or such seas as the Mediterranean and Bed 
Sea, commimicate with the ocean are called Straits—as the Strait of Gibraltar. 
The term strait, occasionally but erroneously used in the plural, is syno- 
nymous with channel, it is applied to passages between islands, as well as 
between the ocean and a gulf, or Mediterranean Sea ; and the words Arm 
and Sound are sometimes used for the same purpose ; but the word Channel 
is equally applicable to rivers, and arm more properly to deep indentations 
havmg no second outlet. Strait is the same as straight, and is derived from 
words which imply elongation (stretching, straining). It is customary to write 
straight when the meaning is direct, strait when narrowness is impUed, 
apparently without reason. A strait is a narrow passage, and the word has 
been applied to a defile or pass, between moimtains. The word Sound has a 
similar aerivation oripnally, but the Saxon 8und was used for a narrow sea or 
swimming. A Soxma is tnerefbre to be distinguished from a Strait, in not 
of necessity having a double conmiunication with the ocean, and possiblv as 
being of comparatively little depth— being in soundings, which is usually nekl 
to mean a depth of water of not much more than eighty fathoms. (For depths 
of Ocean, see P. G., chap, v.) In the eadt of Scouand such indentations or 
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channels are called Firtlis or Friths, which, if esteemed cognate with the 
Latin^^t^m, indicate the roughness of the water caused by passing such 
narrow channels; on the west coast of Scotland and in Ireland, Lochs, i. e. 
Lakes— the primary sense of this word is to shut in or enclose ; and in 
Norway, Fiords. A small strait is also called a Gut. This word is also 
appliea to the narrowest part of a strait. 

The smaller divisions of the ocean, as they are more immediately related 
to the coast line, in its minute indentations, so they are best described 
in connexion with the land. Continental land has been already referred to 
as dividing the continuous surface of the globe into two great parts. All the 
minor appellations given to divisions of land in extent, excepting those which 
are properly diminutives, have no relation to size, and are therefore used 
equally for larger or smaller portions of the same character. 

In describmg land in extent it is desirable, first, to secure an accurate 
perception of its general shape, whether it approaches a square, a triangle, 
or any other mathematical figure, whether it be simple or compound, without 
paying attention to the minute indentations of the coast. This may be 
called its normal shape.* 

The lines by which this figure is bounded may be measured either firom 
one extreme point to another, or a mean niay be taken, the latter plan has 
been adopted for the descriptive partof this work; their contents should next 
be ascertained ; tbds may be done by reducing degrees and minutes of lon^- 
tnde and latitude into mues, and proceeding by the rules given, M, O., ch. iv. 
§§ 2—6, with reference to the scale and projection of the map, by which 
me calculation is made— -(see ChartograjpMf, p. 178, et seq.) — or by simple 
measurement on an artificial globe. 

Having thus obtained a general idea of the shape and size of the land to 
be described, it must be considered in detail, first marking the la^er and then 
the less important indentations or extensions of the coast-line. The principal 
extensions of land into the water, for they are applicable to all situations — 
are called Promontories: the derivation of this word from the Latin Promori- 
torium (pro, before, mons, a mountain), indicates first its origin — viz., from the 
elevation of the land above the sea level — (this must always be remembered 
when the shape of land is considered); and secondly, that it is more properly 
used to denote high land. The word Promontory has no reference to size. 
The great southern triangular projections of the continental lands already 
referred to (see P. G,, p. 216) are thus named; smaller ones, of course, 
are very numerous. There are, however, diminutives used in the description 
of projections of very small size, — a Point is the low extremity of a Promon- 
tory, — a Cape (from caput, head) is a projection of the coast, or termination of 
a promontory, neither of great elevation nor yet altogether deficient in it. 
It may be properly used as a generic term for any projecting land, having 
no relation to elevation, or as mtermediate between Point and Headland 
the latter always indicating considerable altitude ; a Point of small magni- 
tude is termed a Spit or Tongue; a small Headland, a Bluff— this word is 
specially localized on the Ohio and Mississippi rivers in America. Foreland 
is synonymous with Headland, and the word Ness (i. e. nose, a projection) 
affixed to a descriptive appellation has the same meaning. This word is 
localized on the east coast as Bill, having the same meaning as on the south 
coast of England. Spits are sometimes round below Capes and Headlands. 
The word Tongue is usually the diminutive of Point, and applied to a small 
extension of low land. 

Land projecting into the water, of whatever shape, attached on one side 
to a larger mass, whether continental or insular, is called a Peninsula, (from 
the Latin, pene, ahnoet^fuula, an island; in Ghreek, xfp<''oyrtovs, chersone&us, 



* Normal, firom norma, a sqnare— i. e., right angle, or angular measure — Whence the use of 
the word to signify by role, on principle, elementary. 

bb2 
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land — ^island.) This word applies to any tract bounded on three sides by 
water. It is a mistake to suppose that all peninsular tracts of land are united 
to the main land by an isthmus; some are, it is true; but that which we call 
the peninsula, — ^viz., the countries of Spain and Portugal, as being the most 
important peninsula with respect to England, is not. An Isthmus (from the 
Greek, urOfios, a neck or narrow passage,) is a narrow neck of laud connecting 
a peninsula to a continent, or two peninsulas together. It is, however, perhaps 
more correct to explain the word as meaning a neck of land joinmg two 
peninsulas, as a continent becomes peninsular when thus attached. S^orth 
and S6uth America would be islands if they were not joined by the Isthmus 
of Panama, or rather of Central America; but the diminutive size of some 
peninsulas makes the former definition more eaay of immediate apprehension, 
and it is most correct when applied to peninsular tracts in inland seas, lakes, or 
rivers — ^the detaching of whicn from the mainland would not alter its character. 

Promontories and Peninsular tracts of land. Points, Capes, and Head« 
lands derive, as has been noted, their extension from their elevation above the 
water; but land surrounded by it is termed an island, (see P. G., p. 217,) 
(from insula^ Latin, any detached place or building.) It is obvious that, if 
this word be taken in its customary acceptation, the two great continental 
masses are islands; its derivation, however, shows this to be incorrect, it 
should be a part of something, because detached. Australia has, therefore, 
by some geographers been ts^en from out this categorv: a glance at the 
map will, however, show that it cannot be separated from t&e MtSay Peninsula 
and its appendant islands. A number of islands in near juxtaposition is 
termed a group — ^many groups form an Archipelago. This word is, however, 
more jusuy applicable to a sea studded with groups of islands. It was 
origmally applied to the sea between Greece and Asia Minor ; its etymology 
is disputed, but it is probably from apvos, that which rules, cmef, and 
freXayof, sea; either because of the Archipelago being the chief or most 
important sea to the Greeks, or because the ifilands command it.* Islaads 
ranged in a Hne, whether straight or curved, are termed a Chain; such 
frequently connect a group to the mainland, or promontories and peninsulas 
to corresponding portions of the opposite coast. The Aleoutian Islands thus 
connect North America with Asia — the West Indian, North with South 
America. A small island is called an Islet or Ait ; smaller elevations above 
the water-level, if composed of hard material. Rocks — ^if of soft. Banks. 

Bocks when numerous or extended are called Reefs ; when these run parallel 
to the coast, they are termed Fringing reefs ; when they cross or impede a 
passage. Barrier reefs; when raised by the labour of zoophytes, Coral reefs^ 
and uiese when depressed in the centre, or raised in a circular form, and 
inclosing water, are called Lagoon reefs or atolls. Bocks when serrated, or rising 
in sharp peaks, are termed Needles ; to these when isolated, and rising 
abruptly from the sea, the term vigia (from the Portuguese, implying a neces- 
sity for watchfulness) is applied. Low rocks lying norizontally, especially 
when laminated, are called Shelves. Precipitous oaiis or rocks, whether near 
the margin of the water, or enclosed, are termed CHffs, (from the Saxon, 
implying cleavage, i. e. cleft ;) when steep and rugged. Crags, (i. e. broken, 
from the Celtic.) Berg is a German word, adopted with reference to the 
hilly banks of streams and elevations supposed to be the result of former 
fluvial action ; it is also appKed to masses of ice rising high above the water. 
The term Bank is often applied to portions of the land (either natural 
elevations or deposited by tides or currents) which are never above the water; 
these are also termed Shoals, but shoals are generally sufficiently near the 



• This word was not in use among the Greeks, and seems to have been brought into the 
west of Europe in comparatiyely modem times. It is supposed by some to be the result of 
mispronunciation of Ki-iaior ireKayot, the ^gean Sea; but it seems difficult to account ^or the 
letter r being entirely dropped,— especially if its use be traced to the Italians, the first traders 
to that sea after the establishment of the Turkish power. 
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stirface to be dangerous to navigation, whicli banks are not. The word 
Bank has also the more extended signification — the Banks of Newfoundland, 
for instance, occupy an enormous area. 

As the larger projections and indentations of the land form the divisions 
of water called seas, gulfs, bays, &c., so there are particular terms applicable 
to those formed by the smaller ; Headlands and capes form small bays ; these, 
if nearly surrounded by land, are called Harbours (from the verb to karbour), 
because they afford protection to shipping. Where protection is afforded from 
^ winds, the harbour is said to be lajid-locked ; where partial protection only 
is afforded, it is called a road or roadstead ; this word is also applied to any 
portion of the water where ships may anchor in sitfety from some winds ; a 
small harbour is called a Haven, (from the Saxon, hcefan, in Welsh, havyn^ a 
still ^lace). If a harbour or haven have on it a town where trade is carried 
on, it is called a Port. Still smaller indentations of the coast are termed 
Inlets, Creeks, and Coves. The former is more properly used with reference 
to a small strait. The word creek is explained by its etjinology from the 
Saxon crecea, a crack, and is therefore deeper and more irregular in form 
than a cove. Cove is the diminutive of bay, and indicative of an arched form. 
If access to a harbour or inlet of the sea, or river's mouth, is impeded by a 
shoal, or bank, or reef, the impedient is termed a Bar, because a barrier ; tuhese 
are described according to character and position, whether they are rocky, 
sandy, or muddy, shiftmg or permanent, central or on one side. 

The margin of the sea is called a littoral, coast or shore. The Latins used the 
word litus, from the verb lino Ittum, signifying to overlay, to anoint, for the line 
of the land which is washed by the sea ; hence our word littoral. It is termed 
by sailors the sea-board. The Austrian Provinces on the coast of the 
Adriatic are especially termed 'littorale.* The word coast is derived from the 
Latin cosia, a nb, which was applied to the margin of tiie sea, probably because 
it encloses or bounds the sea. The modern acceptation of the word is, 
however, somewhat more extended. It is applied to all land near the 
sea, and ia synonymous with, but more commonly used than littoral ; while 
the word shore is applied to the part which is washed by the waves (yet the 
expression going ashore is equivalent to landing). Shore is applied to lakes, 
but coast is not. The word Coast is also, but with less propriety, used for 
the districts adjacent to the boundary or frontier of any country whether 
limited by sea or land. 

The coast line is the line drawn on maps and charts to indicate where land 
and water meet. The expression, line oi coast, is more general. A coast is 
said to be high or low, rocky or sandy, continuous or indented, concave or 
convex, fertile or barren. 

The character of the coast is important with respect to the commerce, as 
well as the defence of any country, it should, therefore, be always carefully 
described. This may be done under three heads, as suggested in me Glossary 
of Geogrcmhical Terms already referred to, and as, indeed, all land ought to 
be described. ■ 

1. The outline or plan of the coast ; 2. The profile ; 3. The composition. 

The first has reference to extent, the second to elevation^ the third is more 
properly geological. 

The shore is said to be shelving or steep-to, according as the angle formed 
by it with the water line is small or great. 

Wlien shelving, and alternately covered and exposed by the ebb and flow 
of the tide, it is called a Beach, (possibly derived &om the Saxon hec or hoc, 
equivalent to the Greek <tiayos in the sense of corroding, it being washed away 
or altered in form by the waves.) If composed of small stones, it is termed 
shingly, (perhaps from the Greek 2x^(a>> to divide.) The adjective muddy is 
sometimes united to the word shores— a muddy shore is when a continuous 
bank is formed by the current throwing up the mud brought down by the 
rivers, as on the coast of Guiana; this, as will be seen, frequently altera 
the course of the mouths of the rivers themselves. 
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The action of water in wearing away parts of the coast of the sea, or 
shore of a hike or river, exposed to its influence, is termed (firom the Latin) 
abrading or abrasion. (See P. G., p. 264.) 

When the water forced by the tide, or wind, or even by a current, 
over rocks or shoaJs, foams and roars, the term Breakers is appHed to it, and 
sometimes, but incorrectly, to the rocks or shoab. When, in like manner, 
it breaks directly on the shore, the word Surf (P from the French sur-fait). 
The flow of water in one direction is called a Current, when forced rapidly 
between parallel ledges, or reefs of rocks, or sandbanks, a Baoe. When the 
tide wave, compressed in a narrow channel, rises with gT^at rapidity and a 
terrible noise, it is called (from the Saxon) a Bore. (See P. G., p. 232.) 
This is to be observed in the extremity of the Bristol Channel, the JBay of 
Fundy, and, more or less, in all similar situations, especially where exposed to 
the direct action of the tidal wave. When bv the force of the tide or current 
pressing the water diagonally against the shore, or between rocks or banks, 
a circuhur direction is given to it, or where a similar eflect is produced by the 
meeting of two currents, or by deep holes producing a downward suction, this 
is termed an Eddy ; in the latter case, when very large and powerful, it is 
called a Whirlpool. These words are used indiflerently with respect to both 
salt water and firesh, to lakes and rivers, as well as the ocean. 

g Cf Land in JSlevcUion.^-TJndBr the apnellations which have been 
explained are included aU that relates to extent of land, and by which it ma^ be 
described in that relation. This is, however, rather apparent than real, being, 
as before observed, entirely dependent on contour, or the elevation and depres- 
sion of its surface ; but as the level of the sea is the apparent limit of the hnd, 
all beneath it belongs more properly to the division oi Marine Hydrography. 
From the horizontal profile of the land, description must fHrooeed to that on 
which it depends, the vertical profile. From the level of the sea the land rises 
irregularly. The highest elevations appear to man much more conaiderable 
than they really areHie judges of them by tibieir relative proportian to hiiaadlf 
and the umited sphere of his own observation, and not witn reference to the 
globe on which they are raised. When their height is estimated by tlds 
irule, it will appear that though on the elevation of the land all its other 
superficial features depend, as well as those of the water by which such large 
portions of it are covered, yet that they are relatively very inconsiderable. 
Kunchinginga, whidi is now generaUy considered to be the nighest moimtain 
in the world, is about 28,177 feet in height ; the mean diameter of the earth is 
7912 miles ; but estimating the greatest elevation on the surface of the globe 
at 90,000 feet, and the diameter at 8000 miles, to make the relation more 
apparent, the proportion will be as 30 to 42,240, or 1 to 1408. Mr. De Morgan, 
in his very able work On the Use qfthe Globes (c. iii.)^ gives the following cdcu- 
lations with reference to the irregularities of the EartlTs sur&ce :— ' The Earth 
is really a slightly flattened sphere, having the axis passing through the shortest 
of all its diameters. The shortest radius, or semi-oiameter, being half tihe axis, 
is 3949 miles. The longest, which belongs to the great circle having the ends 
of the axis for its poles (called the equator), is 3962 miles. On a globe of 
eighteen inches in diameter, this difference of thirteen miles would not amount 
to so much as the thirtieth of an inch, and it would be ^together useless to 
take any account of it. (See Ckartograpk^f p. 179.) We slukll then suppose 
the Earth to be a sphere, with the mean s'emi-diamet^ of 3956 miles, so that, 
roughly speaking, 1000 miles are 2} inches, (more accurately 2'275 inches.) 
The mountains are not represented; one of thirteen miles high (and we know 
of none such) would not prick the fingers through the vamii^ witii which the 

globe is covered, which, therefore, much more than represents a univerBal 
eluge. Supposing the atmosphere to be forty miles high, it would nowhere 
rise a tenth of an inch from the globe.' With such knowledge, tiie incon- 
siderable relation of the highest ekvations to the size of the globe need not 
be insisted on, but in their relation to Physical Greography, and to man, they 
are of the greatest importance. The tendency of water to seek its level makes 
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the positioxi and quantity, as well as character of the waters of the globe, 
dependent on its contour ; every conical projection, every ridge, in short, 
every elevation of what sort soever it may be, becomes a watershed; 
and that knowledge of the height, slope, and direction of the various 
watersheds of the Earth's surface tiie nrst step to its general contour. 
The word watershed in geographical definition, miplies the line by which 
any waters are divided m>m each other, and the watershed of any country 
is no doubt such a line *, but as every slope sheds water, and many rivers 
have their rise on slopes below the main watershed, some further division 
of the word, some classification of the districts to which it is applicable, 
appears highly desirable. As this does not seem to have been ever attempted, 
the followmg is offered as a suggestion : 

That there is a line in every country, which may be termed its principal 
watershed, will not be disputed ; every countiy has some one district, usually 
in the direction of its greatest length, more elevated than another, from the 
sides of wMch the waters collected from snows, dews, rain, and springs, 
pour down, until they are received into the basin of some inland water, or at 
last into the sea; this may, therefore, be properly termed its primary water- 
shed ; but, as the mountams of the worla cannot be satisfactorily considered 
except in ^eir relative connexion, the highest ranges extending through the 
ereatest length of the continental masses, the term primary watershed should 
be confined to these ; beyond them others of less considerable elevation are 
found, the slopes of which are presented towards the primary watershed and 
form with it deep hollows, into which their united waters are poured, while 
from the opposite slope the waters collected descend in a different direction. 
These may, not inaptly, be termed secondary watersheds, as pajdng the 
tribute of part of their waters to the primary, and forming the inferior limit 
to the principal river basins ; while others rising beyond may be called 
tertiary. It wiU be observed that this classification affords not onlv a 
systematic division of the elevated land, but also of the waters of the glooe ; 
as appertaining to any of its parts, rivers having their rise in the primary water- 
sheds may also receive a similar designation, as may their basins ; others may 
be termed secondary or tertiary, accordingto their position and the watersheds 
to which they belong. 

The highest elevations on the surface of the Earth are called Mountains, 
but this term is applied to elevations varying from less than BOOO to more 
than 28,000 feet, ana it has long been a difficulty in geography to find an 
accurate definition for this word, which, derived from the Latm mons, (quasi 
IMvos, as standing alone,) was applied originally to very inconsiderable 
elevations. Mountain and Mount appear to differ from each other in the 
latter bein^ single, and the former, possibly, collective; many mounts 
may assist m forming a mountain ; but in the lower elevations xke words 
mountain and hill are used synonymously, as we say, the Welsh lulls or the 
Welsh mountains. Some have proposed to confine the word ELill (Saxon, 
from a root signifying elevation, or, possibly, to hideO to summits not rising 
mcnre than 1000 feet above the level of tne sea. if this were done, some 
classification of moxmtains besides that of elevation above hills, would still be 
necessary. Others have been disposed to regulate the application of the term 
bv tilie geological structure of the elevation m question, esteeming mountidns 
the effect of upheaval, hills of denudation, but this could scarcefy be a test 
of its geographical propriety ; for the same reason the connexion between 
the classification proposed and the geological characteristics which may be 
traced in its divisions, is not more enlarged upon, but taking the nrimary, 
secondary, and tertiary watersheds of the Earth as mountains, and all others 
as hilLs, we shall ^a the former ranging, on the average, above, and the 
latter below, 2000 feet. In lands detached from the great continental 
masses the mountains may be classified witb the chains of which they are 
extensions, and thus opportunily will be afforded not only for systematic 
Anangement but systematic comparison. Undulating grassy hills are in 
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England called Downs; undulatine sand hills, in some localities Dunes— words 
of kindred origin with the English dovm as opposed to up» 

To describe the configuration of the land in its varying contour, manj 
terms have been adopted by geographers. A more or less conical summit is 
caUed a Peak; a connectedf une of summits, a Eidge, or Eange; to such, if 
they present many peaks, the term serrated (from the Latin serra, a saw 
in Spanish sierra^ is applied. Crest is a general term for the highest part 
of a mountain. A Pass is, as the meaning of the word would suggest, the 
place between the peaks, or higher elevations, where a mountain-cham is pass- 
able. Passes ore usually at the angle formed by one part of a chain with 
anoUier, or of a main cnain with its spurs or Branches, and consequently 
being at the head of valleys, are also (as will be seen) at the head waters of 
rivers. The word Branch Ib, however, more applicable to a river than a 
mountain. A pass was sometimes by the ancients called a gate, (by the 6reeks« 
irvXov, pyfon,) as it is now by the Spaniards ; part is used on the Pyrenees, 
pertuis on tht^ Jura; its French equivalent is col, narrow; a pass, or portion 
of a pass, more narrow than the rest, is termed a Qorge. This term belongs 
more properly to the channels of the upper waters of the smaller feeders of 
rivers and mountain torrents. It diners from a Defile in beins always 
near the sxmimit of a mountain, while the latter name is appEcable to 
any narrow passage between precipitous rocks, especially if long and 
winding. All these terms appertiun to mountains. 

BouL mountains and hills are the boundaries of valleys. The term Valley 
may be applied to any depression on the surface of the globe. The largest 
valleys form the beds of the great oceans. Seas, bays, gulfs, &o., are all vaUeya 
below, or partially below, the level of the sea. YaUeys, in the common accep- 
tation of the word, are those depressions which are observable above the 
sea level, and which form the beds of rivers and basins of inland seas, 
lakes, <&c. They will naturally class themselves with the watersheds to 
which they belong. Those wmch lie between the primary and secondary 
ranges, and form the beds of the principal rivers, will be classed first* 
In Europe, for instance, we find four principal valleys, those of the 
Danube, the Ehine, the Bhone, and the Po. Valleys have been divided 
(see Johnson's Ohssarvt pp. 44, 45,) into principal, whether longitudinal 
with, or transverse in tneir direction to, the mountain-chains by which they 
are bounded; lateral valleys, those of inferior order, which join the principal ; 
high, or mountain valleys; and low, or valleys of the plains. These terms, 
however, are rather descriptive epithets, and explain themselves, but do not 
afford any regular classification. Apart from their relation and position with 
respect to mountain-chains, valleys oifier from each other in depth and shape 
as well as extent. The most important distinction to be remarked is, whether, 
as is most usual, a valley gradually expands from its upper extremity to its 
mouth, or is bounded and partially enclosed by lateral ridges, or even so 
surrounded as to afford no outlet for its waters. In the latter case, it was 
proposed bvMalte Brun to call the lakes which such valleys usually contain 
Caspians. The word valley Ib from the Latin vallis. Vallum seems to have 
been applied indifferently to the ditch or the palisade, by which the Bomans 
surrounded their camps. Vale is the diminutive, and is more properly used 
with reference to the undulating depressions between lulls. The word inter- 
vale is used in America to signify the tracts of ridi alluvial land often found 
in valleys; it has occasioned some difficulty, and has been variously explained. 
Dugald Stewart esteems it equivalent to 'inter vallos SpcUium,' the space 
between the palisades, and remarks that, having been m:st used to denote 
a limited portion of longitudinal extension generally, it became afterwards 
more usually applicable to portions of time. 

Valleys seem to demand a double classification; first, with reference to 
position ; secondly, as to character ; the latter being in no manner dependent 
on the former. Valleys containing their own system of waters are found 
below the level of the sea as well as on high mountains, while those which 
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liave only a narrow outlet may contain either a river or a lake. This, how- 
ever, offers a characteristic snmciently well defined. VaUeys may therefore 
be described as lake or river valleys ; these, again, as longitudinal or circular, 
confined or open. The term basin might have been used with much pro* 
priety for enclosed valleys, had it not been adopted to express the wnole 
surface drained by any system of waters (see P. G.^ c. ▼., pp. ^33, 239.) Qlie 
word basin (possibly nrom the Greek fituns,) adapted from haasin, (Er. basin 
or bowl,) has been defined (Johnson's Qjmswiy, p. 10) as a more or less 
extensive, and more or less concave portion oi the Earth's surface circum- 
scribed on all sides, or on all but one, by watenJieds, and formed of all the 
slopes whose waters are received into a common receptacle, whether this be a 
river, lake, or inland sea. Basins may be classified as lacustrine or fluvial* 
equivalent to lake valleys and river valleys. The word is also applied to 
valleys below the level of the sea, and may be Oceanic or Mediterranean. A 
fluvial basin may be either the confluence of all tiie valleys which unite their 
tributary waters in one stream, or each valley by itself ; or, in general terms, it 
may be applied to any weU-defined direction of the course of a river formed 
by lateral shores from the main watershed, thus it is not imusual to say, 
speaking of a river, ' the basin of its upper waters.' Lacustrine basins are, 
more properly speaking, those which contain casnians, or lakes which have no 
outlet for their waters, but it is not confined to mem. 

The watersheds are then the limits of the basins, the character of 
which determines that of the waters which are found in them ; but not 
unfrequently sloping at a very small angle with the level of the sea^ 
they spread out mto extended tracts, to which various names have been 
given descriptive of their character, but varying with the locality and 
the language of the inhabitants. The words plateau (from the French) 
and table-land have been dready applied (see P. G, p. 223) to tracts of 
considerable elevation and of small mclination. These may be on the tops 
of mountains or on their sides; plains are to low land what plateaux are 
to high land. The whole sxurface of the globe may be divided into hills, 
valleys, and plains ; but very widely extended valleys, as in North and SoulJi 
America, become plains, from the extent being more tiian commensurate with 
the height of their watershed. Plains may be crossed by hills, may be undu- 
lating or flat, fertile or sterile, wet or dry ; if green and even partially fertile, 
they are in North America called Prairies— >i. e., meadows. These are 
classified as dry and rolling, or wet ; to the latter, perhaps, the term Savannah 
would be most properly appHed, for damp grassy plains are so called in America. 
On the contrary. Llanos are, like the former, dry ; such are to be found in all 
parts of the world near large rivers alternately fertile and arid. To the south 
of the river Amazon, they are called Pampas, a word used indiscriminately for 
the raised surface of the ereat plains wnich extend from that river to the 
Straits of Magellan. The former appellation is more properly confined to the 
valley of the Orinoco ; the latter to that of the La Plata. In South-eastern and 
Asiatic Russia, similar tracts are termed Steppes, (from f^, barren, Russ.) The 
term desert is usually applied to vast tracts covered with sand. These, however, 
have not an un varied character, fertile spots are occasionally met with wherever, 
from any cause, water is present. All these tracts derive their appellations 
from their leading features. The word wilderness diflers from desert, in 
being applicable to land covered with spontaneous and abundant vegetation, 
as well as to wild barren spots, among rocky mountains, as in the peninsula 
of Arabia. In Lidia, a wilderness (usually found in moist places) is called 
a Jungle. Plains covered with low plants are in France termed Landes ; in 
Germany, England, &c., Heaths, from the plants most commonly found on 
them. Land naving its surfiice saturated with water, * which from the con- 
cave form and impermeable nature of the bottom does not drain away,' is 
termed a Swamp or Bog ; the latter, of Celtic derivation, indicates its binding 
and tenacious character, the former (Saxon) its spongy nature. The term bog 
is generally thought to imply a peat formation, wmle swamp is used more 
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generally. Swamps m^ liaye trees growing in them (eedar swamps are 
oommon in America). Marsh is from a Teutonic root, and nearly allied to 
moor ; it has generally a flow or rivnlet running tiiroogh it ; by some, marsh 
is thought to be the generic term, and is also used with reference to meadows 
occasionally oyerflowed by the sea, or imder a system of salt-water irrigation, 
which are called salt marshes. Fen is applied generally to low moist l^ds. 

Having explained the terms used in describing land in its vertical contour 
and varymg character, we proceed to those used with reference to water 
abore the level of the ocean. The water on the face of the Earth is either 
at rest or in moti<m. 

6 €f Water not in Motum. — Dew and rain fsdling, and snow melting in 
water, on the snrface of the globe, collect in hollows, or trickle down in rills ; or 
again ^t^«d through its superficial strata, form Springs, (see P. (7., pp. 209, 
211, 238.) Small Dodies of water collected in hollows are called Tools or 
Bonds, the former when they are filled mth running water, the latter when 
isolated, though a very small pond is often called a pool. The bed of a river, 
when partially dry in summer, often presents a series of pools ; these would 
be erroneously termed ponds. A large pond is a small lake. These are not 
the converse of islands, inasmuch as uey are not always, nor indeed very 
frequenlly, surrounded entirely by land, as islands are Inr water, but receive 
into and emit water from them. Lakes may be described in position, from, the 
watershed to which they appertain, lu cliaracter<— they are of four kinds : — 

First. Those which neiiner rec^ve nor transmit water, i. e« which are 
neither fed by nor are the source of streams^-sudi lakes are more commonly 
found in mountainous countries, are generally of small dimensions. Lagoons 
are sometimes similar in appearance, but owe their existence to the infiltration 
of water from, or the overflowing of, either the sea or rivers; they are therefore 
usually found in low lands. Li^oons are for the most part shallow, frequently 
dry up in summer, not unfrequently at one time connected, and at another 
disconnected from their parent waters. This is the case at Holyrood Fond, 
St. Mary's Bay, Newfoundland, the entrance to which being formed in 
winter by the force of the waves, is annually stopped up by shingle in the 
summer, and affords the inhabitants a plentiful supply of nsh, which are thus 
placed at their mercy : it was formerly an arm of the sea, and many similar 
tagoons are formed bv the blocking up of small harbours, creeks, and 
elumnels by sand or sningle. Lagoons, though havmg thus an apparent 
relation to, are not to be arranged in the first class of lakes. Lakes and 
ponds being the result of sui^aoe drainage ; lagoons, of overflow or infil- 
tration. 

Lakes, of the second class, are those whidi receive into, but do not emit water 
from them. These are usually salt and brackish, often found in mountainous 
districts, high above the level of the sea, not unfrequently the result of vol- 
canic action; sometimes below the level of the sea, as Lake Asphaltites in 
Palestine, erroneously termed the Dead Sea, and the Caspian. Lakes g£ this 
class are the receptaclea of inland systems of waters and rivers which do 
not communicate with the ocean, (see P. O;, p. 218.) The third class is 
formed of lakes which do not apparently receive, but emit their waters; some 
do so by subterranean channels, as Lake Copais in Beotia did, and Lake Jouxin 
does. Lakes of this class are usually found at the head of rivers, especially in 
the passes of the primary mountain chains, frequently, as in the lUx^ Moun- 
tains, at the sources of the Saskatchevan and Fra£er*s rivers, and in the Alps at 
those of the Lm and the Fo, in immediate proximity to each other, while those 
rivers which issue from them fall down the opposite slopes of the watershed. 
The word Fortage, i. e. carrying^place, is apf^ed to the land between two such 
lakes, as also between any streams or lakes, or the passage round a waterfall 
or rapid, where it is necessary to cany boats or canoes and launch them again, 
to continue the inland navigation. The fourth class is the most numerous, 
consisting of lakes which botn receive waters into and emit waters from them. 
These are common in the middle and lower courses of great rivers. When 
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following each other in saecession, or clustered togelher, the same terms, 
chain and group, are used which apply to islands. A chain of small lakes 
linlced together by a river or stream, is called by the Germans a chaplet 
rirer. Where, in America, a river in its tortuous course forms a deep and 
wide extending bend, the same term is appHed which we use in similar cases 
with respect to small streams; it is called an Eddy; this is correct; for 
ereat and small are only relative terms, and both are the result of the same 
kind of aclion, only on a different scale. 

The water of lakes is subject to the same definitionB and description a» 
that of seas and oceans ; the irregularities of their outline are expressed in 
the same terms, but the word shore is more generally used to exftess the 
margin or border of a lake than coast. Some lakes have, as has been 
noticed, tibe level of their waters below that of the sea^ but the majority are 
raised above it; many, however, have the bottom of their basins below that 
level. Lakes in Scotiand are termed lochs. The term lacustrine is applied 
to whatever belongs to, or is connected with, a lake, as Lacustrine basin, &o. 

7 Cff Water in Jfo^»o».«-Water running down the sides of mountains, hills, 
or other sloping grounds, coUecting in simdl channels, forms Sills, Streams, 
or Sdvulets; the former is from the German, meaning a groove or channel 
(or possibly from the Scandinavian strilaf tyller, to run or gHde), the latter 
the diminutive of river. Stream is Saxon, and used as a generic term for 
water in motion, whether salt or fresh, without reference to magnitude on the 
cause of motion. 

Streams which flow into other waters are termed affluent, when they 
flow from them effluent. Tributary streams are those which contribute 
their proportion to any lake, river, or collection of waters. It has, however, 
been justly remarked, that ' a tributary is not necessarily an affluent, though 
an affluent mxut be tributary,' for an affluent may receive the waters of other 
streams, and convey them to one common recipient, to which they would all 
be tributary, while to it they would be affluent. 

The term effluent is eqmvalent to branch, which is not applicable to an 
affluent ; the brandies which rejoin the parent stream are called ' ana' 
branches ;* those which at the mouths of rivers enclose and ^vide triangular 
tracts of land, to which from the Nile the term delta (the Greek A) has oeen 
apptied, are called deltic branches ; those which divide a delta into islands, 
bnt return again into a deltic branch, not flowing directly into the sea, ana 
deltic ; those which connect two rivers together, conjunctive branches ; and 
those by wMch water from the main stream is drained off into marshy or 
sandy, places, drain branches. 

The terms convergent and divergent should be applied to waters flowing 
into or out of a river when their character is not known; it is obvious that 
the one may be an affluent or an ana branch, the latter a deltic, drain or ana 
branch; these terms are, therefore, important in the explorataon and the 
description of countries imperfectly known. When a river spreads into two 
branches, it is said to bifurcate, {bis, twice, and /krcus, a fork, Latin, a 

Eleonasm.) A bifriroation is usually a branch, and confined to the same 
asin as its parent stream; but in some cases, as in that of the Cassiquare, 
by wbich the waters of the Orinoco are connects with those of the Maranon 
or Amazon Biver, it connects two basins together. Ihis term has, but 
without necessity, been implied to mountains. The junction of streams is 
termed their confluence, [conjluo, to flow together ;) this frequently gives 
local appellations to places ; m Welsh, names begioiuBg with Aber mmcate 
such a position. 

The difficuliy of classifying elevations of land and of applying the 



• Ana, said to be a contraction of anastomosing, anastomosis being in medicine the inoscu- 
lation (<rrw/bia, a mouth, Gr.) of vessels together, or of veins with arteries. This is, how- 
ever, unnecessary, for ava, in composition, dgnifles back again, or in return, and such branches 
bring back again the waters which they befiiire had taken away. 
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names used to express them, has been ahready noticed. The difficulty is as 
great yviih respect to ronning water. Estimated by comparison, many rivers 
should have diminutiyes applied to them. Compared to the Amazon, the 
Thames is but & brook, yet here the Thames is an important river. ■ The 
difficulty is, however, capable of the same solution. The classification of 
watersheds ^ives at once a classification of rivers. A river (from rivu8, Latin, 
a channel) is a collection of small streams or rivulets; many small rivers 
may combine to make one large one. The use of the word is not, therefore,, 
confined to a mam stream any more than it is dependent on proportion. 
That irom which a river takes its rise, whether spring, lake, swamp, or glacier, 
is called its Source. Most rivers have more than one source, and as in the 
ease of the Mississippi, the name of the least importance is sometimes selected to 
designate the whole. The principal source is to be ascertained by its elevation, 
distance from the mouth, and by the volume and character of the water it contri- 
butes. The junction of a stream with the recipient of its waters, whether river, 
lake, sea, or ocean, is termed its Mouth. This is, however, only applicable 
as opposed to Source, for some rivers flow through lakes and marshes. 
Rivers can have manv sources, and msy have several mouths, but the words 
can only be used with reference to their extremities. The mouth of a river 
is also called, from the French, its embouchure. This word is applicable to 
the mouth of a river, whether it be in a lake or in the sea 3 but when, flowing 
into the sea, the month of a river is modified by and subject to the influences 
of the tides, it is termed an Estuary, a name derived either directly from 
astus, the tide, or from astuo, to boil, (Latin, im{>lying restlessness,) and thus 
indicative of the eflect of the tidal wave meeting me current of the river. 
The expression, Course of a stream, implies its direction, its current, the 
motion of its waters. This varies much in difierent rivers and in dijGTerent 
parts of the same river, and is a marked and important feature to be noted in 
all, especially its rapidity as indicative of the elevation of its source. 

Fluvial, fiuviatic, and fiuviatile are adjectives, expressive of formation^ 
from, or connexion with, a river, as fluvial delta, fluviatile lagoon, fiuviatic 
formation; the first is most appropriate. 

Bivers which have their nse in the primary watersheds of the globe have 
themselves the same appellation. This class will be found to include all the 
largest rivers in the world. The secondary watersheds will give their appel- 
lation to the rivers which are derived from them, and ^e more navigable 
portion of rivers will usually be found without their limits, and so on, but 
no classification or distinctive appellation has yet been suggested with 
reference to the character of rivers. This is yet a desideratum, (see John- 
son's Glossary , on the word Hiver, p. 39;) some approach to it has, however, 
been made by dividing the course of rivers into three parts — die upper, 
middle, and lower. This, however, can onlv be done satisfactorily when a 
river is connected with more than one watershed. There is, however, another 
classification, which is most important, in considering ^e globe in reference 
to man — ^rivers are navigable or not, A navigable river may be so &om the 
sea, or only inland, or both; its navigable character may be consequent on its 
natural depth, or the eflect of the tidal wave ; in any case the consequences 
will be important to the country through which it flows. 

The eayitp- in which a river flows is called its Channel; the bottom of the 
channel its Bed; the sides its Banks; {bank, Saxon, a bench, mound, or pile,) 
both are of importance in the description of a river. The first regulates its 
depth; if rocky and broken, it forms a rapid or fall; if level and extended 
so that it may be passed on foot, a ford. The banks may be sloping or 
steep, rocky, or fertile: if sloping, the waters may be extended; if steep, and 
especially when approaching the perpendicular, they wiU be confined, and 
not unfrequently tne compression of water between high rock produces appa- 
rently a fall of water. Tnis in North- west America is called a Canon, from a 
Spamsh word meaning a cylinder, or bore. The bed and banks of rivers 
vary much in difierent parts of their courses, and are dependent on the 
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profile and character of the country through which they flow. Sadden 
irregularities of the surface produce some of the most important features in 
the description of rivers — ^the fall of water over rocks. To characterize this, 
various names have been given. A Cataract is a lar^e body of water pre- 
cipitated from a consider^e height; the word (derived from the Greek, 
KarapoKTos) implying force, violence, power. A Cascade is a small cataract. 
In cascades tne water sometimes descends bv successive leaps. A Leap is 
the fall of water, unbroken, horn an inconsiderable height. A Force is the 
result of the narrowing of the bed of the stream ; it diners from a caiion in 
being of less extent. Of all these the generic term is Fall, which has no 
reference to character, elevation, or volume of water, being ttppji^ indif- 
ferently to a mountain stream and to the I^iagara, to the Falls ofWilberforce 
and of the Clyde. 

8 Cfthe Natwral Productions qf the Surface of the Earth, — ^In the descrip- 
tion of the characteristics of different parts of the Earth's surface — the opposite 
features of fertHity and sterility have been already noticed, — ^these not only 
involve, of necessity, all the intermediate stages of vegetable productiveness, 
but the kind as well as quantity of the vegetable produced. Fertility 
is always the result of moisture, m river or lacustrine basins by the waters 
they contain ; it is so even in the smaller, as when in deserts either a 
depression of the surface, a quality of soil more capable of retaining mois- 
ture, or .the presence of a spring, produces those oases (habitable, from the 
Coptic) in which the contrast of the verdure they present, and the refresh- 
ment they afford with the arid waste by which they are surrounded, is so 
fateful to the traveller. Liplains, vegetation is kept up by the plentiM 
dews which fall upon them. Thid valleys are, as has been noticed, connected 
together by their head waters being in the gorges or passes of the mountains, 
often in close proximity. Plains are always passable. 

Animal life depends on the nature as wen as the quantity of vegetation, 
and thus man partakes of the characteristics of the soil which gave him birth. 
Not only, then, shall we find the proportion and relation of land and water 
depending on the contour or profile of the former, but the vegetation, and 
consequent on that, the animal life ;* and lastly, the human beings whose 
existence depends upon them, and whose character is modified by them, 
not less than by the communication which can be maintained between different 
parts of the earth ; the consequent dispersion of mankind over its surface ; 
and the subsec^uent spread of civilization and religion. From the considera- 
tion of the Horizontal profile of the Earth's surface, it was natural to proceed 
to its vertical ; the next step is the knowledge of its productions, which 
leads as naturally, as it does imperceptibly, to that of its inhabitants. Among 
those productions, it will, however, be necessary to include some minerals, 
eBpecially gold, iron, and coal, as having exercised a direct and powerful 
influence over the progress of population in the world. 

These subjects have been treated of generally as a part of Physical 
Geography; it is not necessary here to enter more into detail, and to 
explain the terms employed in the description, as in the case of land and 
water. They bein^ generally well known, and not belonging solely to 
Geographical Description, while some have technical or local application, 
whicn will be noted in the proper place ; of some, as prairies, savannahs, 
silvas, heaths, &c., notice has already been taken, (see P. O,, p. 218 to 225.) 
In this place, therefore, they need only be referred to. The word 
Forest (of a Latin or Celtic ongin, but in any case from a root signifying 
to depart, and hence in the JBomance languages equivalent to strange, 
foreign) is applied, in Geography, to an extensive tract of land covered with 
trees. In law and custom in this country, tracts of land which have had 
those rights, under the laws for the preservation of came, which entitled 
them to the appellation, were and are still called lorests, though some- 



* See sections in PhyHcal Get^^phy on dietribotion of vegetables, &c. 
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times without trees ; hence barren tracts, as Exmoor, obtain that name. 
The Saxon term Wood, which has natnrallj no relation to size, is now used 
to imply a smaller extent of surface covered with trees than is meant hj 
forest. In the description of forests and woods, the most important consi- 
deration is the character of Ihe trees of which they are composed, to what 
use the timber they produce can be applied, whether it is capable of 
supplying the wants of man, and therefore whether it invites man to its 
own aestmction and extends his influence over the face of the Earth with 
commerce and civilisation. These are, perhaps, more influenced by the forests 
of the globe than by anything else, for though the path across plains is 
open for man and beast, and the head waters of rivers direct to the practi- 
cable passes of the mountains, yet an easier and more direct path is 
afforded by the sea, by which the richest and most productive soil, the idlu- 
vium about the lower course of the rivers, is brought mto use, and the mouths 
of rivers connected top^ether, as their basins are by the mountain passes; to 
avail himself of this ficility, man requires ships, and thus maritime nations 
have perhaps owed their x>osBession of that most desiralde characteristic to 
the presence of timber fit for ship-building. It was so with Hiram and his 
Phoenicians, it is so with us and our Jonerican brethren. Forests being 
inhabited by beasts of chase, producing also a race of hunters ; a^i plains 
feeding cattle are inhabited by Nomacu (from the Greek, vc/mo, to divide, 
distribute, and thence to wander and to feed cattle.) In like maimer soils 
capable of producing cereal plants, or others fitted for the food of man, have a 
tendency to locate men upon them. Hence cities have first sprung up in 
fertile valleys. 

It has already been shown (see P. G., ch. 10. § 129) that limits are 
assignable to the productions of most vegetables — these limits enclose tracts 
called zones, and vary, as has been shown, from position and elevation ; both 
have respect in some degree to climate and soil. It has been noticed that 
the cereal plants, with some^ other species, as well as the domesticated 
animids, have followed man in his progress over the globe. They should, 
therefore, be noticed in connexion with nim and his works ; apart mm. him 
those only of indigenous character ought to be noticed. Yet where he has 
not been, the character of the indigenous vegetable and animal life is an 
index of what he may, with ease and propriety, introduce into any country ; 
and not unfrequentiy the peculiarities of animal and vegetable life affect tne 
habits and character of man to an infinite degree. The moss. of Lapland, 
and the reindeer, from which it takes its name, and whose food it is ; the 
camel and the horse, the date-tree and the coffee-plant of South- Western Asia ; 
the llama of South America, and the bread-fruit-lree of Polynesia, may be cited 
as marked examples, all probably indigenous, as the horse, sheep, and cattle of 
America and Australia, and the potatoe of Ireland, are exotic. The limits 
of some of these and similar natural agents affecting the life of man, both 
social and political, will be found clearly defined in me atlas adapted to this 
work, and m most physical atlases. From it, in connexion with tne chapters 
on Physical Geography, sufficient general information may be obtained on 
this subject ; its application in dentil must form part of the description of 
different countrieSi and will be considered as it affects them separately. 
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CHAPTER n. 

1. Of political geography. -^3. Of historical antecedents. — 8. Of the distribation of the human 
race. — 4. Of geographical statistics. — 6. Of the order to be observed. — 6. Ofthedyil 
divisions of the world. — 7. Of the civil divisions of eountiies. -^ 8. Of religions divisions. — 
9. Of the dominant religion. — 10. Of religions sects.-* 11. Of religious statistics. — 12. Of 
the industrial geography of countries. — 13. Of industrial divisions. — 14. Of occupation. — 
15. Of the pastoral. — 16. Of the agricultural. — 17. Of the manufacturing. — 18. Of the 
commercial. 

OF Political Geoffraphg.'^'Poh.iieal Greography has been defUied (see 
Admiralty Manual ofScientifieJSnquify — Geo^raphv, p. 129) as inchiding 
* all those facts which are the immediate consequences of the operations of man 
exercised either on the raw materials of the Earth, or on the means of his 
jnteroonrse with his fellow-creatures.' This corresponds to the division 
already made — ^namely, ' the effect of man's residence on the Earth ;' and this 
may witii propriety be, in the widest and most comprehensive sense, termed 
pohtical. It has, however, been customary to apply the term political prin- 
eipally to the geographical divisions and limits of empires, kmgdoms, and 
states, their laws, mode of government, &c. ; but as the polity of some 
countries has a religious, of others a commercial basis ; as in some countries 
the religious system is separate and detached from the civil, in others a 
military rtde has been superimposed upon previously existing civil and 
religions institutions ; as in one country one predominates, and in another 
country another ; the adoption of this without subdivision does not seem 
likely to conduce to a clear understanding of the subject. Man in his works, 
as apparent on the Earth, may perhaps be most usefully considered in three 
relations-^religiouB, civil, industrial. 

2 Cf Historical Antecedents, — ^As in few eases, if in any, the geographical 
limits of the three divisions will be found to coincide with each other, the arbi- 
trary division of the Earth by its rulers havine generally been made to suit 
present interests: seldom, if ever, the physical features and natural relations of 
countries, or what is equaUv important, their natural divisions, stiU less the rela- 
tionship or dissimilarity or their inhabitants: in short, the interest of the few 
having been consulted, and not that of the many, it will appear necessary to 
look back on the history of countries and their inhabitants, m order that their 
present anomalous condition may be understood ; for not uncommonly it will 
DC found that, in consequence ofihe different circumstances in which they have 
been placed, and the different rede under which they have existed, races 
similar in character and origin are found in very different stages of progress ; 
80 different, indeed, that they present no outward indications of their relation* 
ship. It is naturally the part of Geography to showhow these changes have been 
affected by the physical character of the countries which the people in whom 
they are observable have inhabited ; of History, to inquire into the political 
causes properly so called. Yet these two branches of the subject cannot be 
entirely separated, the physical may depend on the political; despotism, 
whether civil or religious, may prevent the gifts of Grod from being turned to 
account : anarchy may destroy what has already been raised by the industry 
of man ; the fertility of Egypt has since the time of Joseph been the cause of 
the oppression of its people ; the desolation of many parts of Italy is the 
consequence of the domimon of Some, whether imperial or papal, commencing 
with its rise, and continuing to the present time. If, therefore, we would 
comprehend the present conchtion of the surface of the Earth, an historical 
inquiry into the dian^es which have taken place ]a^n it during ' recorded 
time* must precede its description. This will afiect different parts of the 
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world in YariotiB degrees. Of the past history of many parts little is known ; 
of some, nothing. Yet even where little is known, indications are not wanting 
of the importance of the past. Of this, the remsdns of an extinct race recently 
disooyered in the valley of the Mississippi will afford sufficient evidence. 
Our knowledge of the ancient world is, for the most part, confined to the 
accounts of tke Hebrew, Grecian, Roman, and Alexandrine writers, and 
limited to the extent of their information, the boundaries of the Persian, 
Macedonian, and Roman empires, with the inroads and incursions of their 
rulers on the nei^bouiing countries, and the discoveries of Phoacinian, 
Gathaginian, and Egyptian mariners; and on this account, as well as 
because its application is principally in illustration of their history, Classic»al 
G^graphy must assume a more topographical form, and will be presented 
in the first place and by itself, that it may form a satisfactory basis for 
further inquury. Li it, nowever, as of universal significance, tne division 
and dispersion of mankind, and their effects upon the world, cannot be 
fully treated of, although they may be noticed. A general sketch of these 
great influences must werefore precede the consideration of the political state 
of the world in modem times, as that must be preluded by a general descrip- 
tion of the features and character of its surface ; and the same method must 
be followed in detail with reference to every separate country ; whenever it 
is desirable or possible to extend it so far ; the political inquiry will then 
follow easily and naturally. 

a Of the Distribution of the Human Race, — To the various families of 
the human race, their physical and mental characteristics, and the natural 
laws to which they are subject, general reference has been made in the chapter 
on Ethnology (see P. O., p. 388). This has of late years taken its place as a 
separate science, and it is not therefore now the province of Geography to enter 
into the plulosophy of the subject, with respect to man as an animal, out to state 
what is jmown of the present localization of his species, and the geographicid 
causes which have led to it. The former has been described generaUy, and must 
be more particularly detailed with respect to every country as it comes under 
review. The latter wiU be found chiefly in the configuration of land in elevation 
and extent, directing migration into certain natural channels, of which the 
primary watersheds afford general indications ; those of the Old World, sepa- 
rating the north from the south, and concentrating the energies of various races 
rouna the great Mediterranean basin, thus uninng them aU in one common 
progress ; while those of the I^ew World, far removed from its eastern-limit, 
rendering the entire continent accessible by the mighty streams c(^ected 
from their lengthened slopes, have given racilities for the diflusion of the 
races of the Old World, developed in physical and mental energies by con- 
centration and collision, over its surface. 

The use of the various paths of migration has, however, depended on the 
power of man to avail himself of them. The great plains offered facilities 
of migration to the pastoral inhabitants of the ancient world, to whom the 
seas were impassable. The coasts of the inland waters were therefore peopled 
long before communication existed between them. The valleys of the head 
waters of rivers were always, and are now, the only practicable paths across 
the primary watersheds ; by them, therefore, the stream of migration has been 
permitted to pass, and by them communication is maintained. The valleys of 
the great rivers have, therefore, received inhabitants from their upper as well 
as their lower entrances. The proximity of a primary watershed to the 
coast may, as in the case of Africa and America, entirely cut off one portion of 
a continent from communication with the other for many years, and therefore 
cause considerable difference in the character of their population ; tbis is more- 
over also affected by the varying physical characteristics of the countries 
themselves, which are again consequent on their vertical contour ; and thus it 
also happens that the commercial exchanges and consequent intercourse of 
countries is often rather with distant people than with l^eir neighbours. 
Since the development of navigation, commerce has been principally 
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carried on by means of the sea ; the old patlis of inter-commnnication have 
been therefore abandoned ; modem science has discovered means of cheap and 
rapid transport over the land, and we may thns fairl]^ expect to see them 
re-opened. Their disuse cansed the decrease of population and civilization in 
the districts through which they passed, their restoration will cause their 
re-peoplement and enrichment ; ana thus Syria, the valle^r of the Euphrates^ 
Asia Minor, Persia, the Balkan, may before long be again important to the 
world, as Egypt has already become, and as we see Central America^ Upper 
California, and Texas are becoming. 

As the general distribution of thehuman race over the surface of the earth has 
been consequent on its larger physical features, so has the local arrangement 
been upon the presence of agricultural or mineral wealth. Agricultural districts, 
not requiring a large populltion, or the possession of the knowledge of mecha- 
nical power m any great degree for their cultivation, have been early peopled. 
It is to the presence of mineral wealth, and the development of manufactures 
and commerce, that the congregation of numbers in small districts is owing ; 
hencewe find the greatest accumulation of men in masses at the mouth of rivers, 
in harbours, and where natural paths of communication intersect, directed by 
the necessities of commercial intercourse, or in mineral districts. In ancient 
times, the presence of gold, copper, and tin exercised great influence on the 
diffusion ofpopulation, and the extension of commerce. To the former is attri- 
butable the first efforts to unite Greece with the eastern shores of the Baltic in 
eommerciid intercourse, of Solomon to carry Phoenician trafficacross the Isthmus 
of Suez ; the commencement of the era in which we live was marked by the 
discovery of the gold-producing countries of the New World, to which a 
constant stream of emigration has been since directed, and in our own day 
California, and possibly Australia, may owe their population to the same cause. 
Tin and copper nave carried the ships of Carthage to Endand, and the- ships 
of England to the Indian seas, Australia, and America, nwt since the use of 
machinery and the apphcation of steam as power, coal and iron have e:iiercised 
the greatest influence in this respect. Kor is the providence of Grod in 
directing ike distribution of the human race limited by tne supply of the wants 
of man, me provision for the cureof his diseases has its peculiarinnuence upon it. 
Even in savage countries among the natives, as among the beasts of the field, 
periodical visits to mineral springs have always been observable, and in civilized 
countries men have always congregated and cities been built around them or 
in their immediate vicimty, while, too, in smaller deme, even salubrity of 
atmosphere and beauty or scenery have influenced this localization. 

This distribution, as has been ahready noticed, bein^ irregular both in space 
and time, it will be found to affect Political Geography in all its divisions. 
The civH limits, divisions, and polity of countries ; the industrial habits of 
their people ; and their relations with others, whether distant or neighbouring, 
and specially their rehgious faith and its outward expression, will be found to 
vary accordmgly. 

4 Of Geographical Statistics » — In all the divisions of Political Geo- 
graphy, and the inquiries consequent upon their considerfition, the province 
of btatistics must of necessil^ be trespassed upon. Geography relating to, or 
ratiier combining together, all sciences in their relations to the Earth and to 
man ; as in the case of Geology, Meteorology, Ethnology, or any other, so in 
Statistics, while the application and results of the science will be taken advan- 
tage of, they will be dealt with generally and not in detail. In none perhaps are 
the details so imcertain, in none, perhaps, the general results more satisfactory, 
more conclusive, or more useful. Materials for statistical calculations exist 
only in civilized countries, and may, in fact, be considered as no small proof of 
advanced civilization : their character will vary with that of the people to whom 
they relate, and be especially influenced by their habits and mode of life. 
They may be more easily attainable in some countries in the religious, in 
others in the civil or industrial divisions. In most countries, even the very 
savage, military statistics can be procured ; their existence by themselves is 
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perhaps to be considered the first advance in civil polity ; solitary tribes on 
the shores of the Polar Sea, of New Caledonia^ Africa, Australia, and Terra 
del Fuego, alone existing without it. Industrial statistics, whether agricul- 
tural, commercial, or manufacturing, occupy the second place ; social, medical, 
and educational, the third and most advanced ; but the latter of these are 
closely allied to religion, and religious statistics are evidently independent of 
advanced civilization. Educational statistics will be found to depend rather on 
the character of the religion of any country, than either its influence or the 
extent to which that influence is systematized, from which the statistical 
accounts of it must in the main result ; possibly the most systematic and 
thoroughly organized form of religion the world has perhaps ever known, the 
Boman cathohc, may be found to luive retarded civilization m^ exact proportion 
to its domination over its members, the exact and reguhu* working of its 
machinery, and the consequent amount of statistical uiowledge attainable 
respecting it. 

Statistical inquiry, as relating to Political Geography, comprises all calcu- 
lations of number ; under the head Civil, the amount of population in the 
various divisions ; the proportionate number of representatives, if any ; of 
militia, military, or naval force ; of taxes, and other public burdens and con- 
tributions, may be considered : under that of Industrial, the proportion of 
j>opulation to surface ; the numbers employed in various trades and occupa- 
tions ; the products of agriculture, mmes, manu&ctures, and commerce : 
under that of Beligious, the numbers and proportion of the various sects into 
which the people may be divided. The Statistics of Education and Science will 
belong to either or all, according to the country under consideration; in 
Prussia, for example, neither the industrial nor reli^ous can be considered apart 
from the civil. In all, however, care should be taEen not to extend the inquiry 
beyond its geographical relation. 

5 (Jfthe Order to he observed.'-Ot the three divisions which have been 
recognised, we have placed the Eeligious first, as being in a great measure 
independent of the other two ; it may be convenient to maintam this order in 
general description, and to vary it in particular, to take first a general survey 
of the extent and influence of the diflerent faiths professed by the people of 
the Earth, and independently of their civil relations, and then to describe 
more particularly the religious divisions consequent upon them ; for while, on 
the one hand, the principal relijs^ious systems of the world extend themselves 
without reference to pohtical divisions ; on the other, the ecclesiastical poHtj 
mav be distinct from, and independent of, the civil ; yet in separate countries, 
ana under distinct governments, it naturally adapts itself to the civil divisions ; 
and in exceptionalcases, when it does not, they will probably be found the 
best, if not tne only means bjr which its limits may be defined. Particular 
religious belief often attaches itself to particular races, the civil divisions of 
countries are not unfrequently the consequences of the localization of distinct 
races, and in this way, again, the religious and civU divisions may be found to 
coincide. 

In the consideration, therefore, of Political Qeognmbj in detail, the fol- 
lowing sequence of its divisions should be observed : civil, religious, industrial ; 
civil, from the Latin, civilis^. e., appertaining to citizei^hip, that which 
belongs or relates to citizens, or its complemenl^the state. 

6 Of the Civil Divisions of the TFbrW.— The larger civil divisions of the 
Earth's surface are dependent on the arrangements made by the great human 
societies which inhabit them for their government, and receive various names, 
most of which are now used without being limited by strict etymological 
propriety. The first in rank and importance should be, and in some instances 
are, termed empires. These are governed by an emperor, in whom is con- 
centrated the authority of the whole, (as ihe word ' imperator,' first applied to 
the generals of the Boman armies in the provinces who were the repres^itatives 
in them of the power of the state, seems to imply.) This word was adopted by 
those who claimed similar authority to that exercised by the Boman emperors 
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whether in Italy, Eastern Europe, France, Germany, or Russia. Its import is 
now very various ; it is used equally with reference to Russia, Austria, !brazii, 
China, and the Island of Hayti, all of which are governed by a ruler styling 
himself emperor. It is sometimes supposed to express the agglomeration of 
many separate kingdoms, states, or provinces, under one supreme head ; but 
in this case Great Britain and her dependencies would be ike largest and 
most important empire at present in the world, if not that the world has 
ever seen. This application of the term is true with reference to Russia 
and Austria, and partially of Brazil^ or more correctly, the Brazils. Great 
Britain is often termed an empire, but its monarch has not assumed the title 
corresponding to that designation. 

Kingdoms, countries ruled over bv a king or queen, (Saxon, cyng ctfnig, 
German, honig, implying military rule,) stand next in rank to empires ; yet some 
kingdoms, as those of Great Britain and France, being of equal, if not superior 
importance to any existing empires, there is no strict propriety in the sequence. 
The term monarchy (from the Greek, yuovo^ apxos, monarch — i. e. sole ruler) 
is applied equally to empires and Inngdoms where the supreme power is 
concentrated in an individual. Monarchies may be hereditary or elective, 
despotic or limited; the latter are frequently termed constitutional, because 
the constitution, to which both the monarch and his subjects have subscribed, 
defines the limits of his power and their obedience. In despotic monarchies, 
the will of the soverei^ is law; in limited monarchies, the law is above all 
will, and the power oithe government is divided between the supreme ruler 
and the assembled rej^ resentatives of the other power or powers by which that 
of the monarch is limited. Parliaments, chambers of peers, senators, deputies, 
diets, or other names, are applied to these assemblies. They differ much in 
their constitution and powers; some are hereditary, as the House of Lords, in 
England; others elective, as Uie House of Commons. Different qualifications 
are also required for their members. These varieties of constitution belong 
to the political history of the world. Political Geography, however, of 
necessity concerns itself with the great principles on which these varieties 
are based, as indicative of the origin of the famines of mankind in which they 
are found; the physical character of the country in which they have been 
educated; or of that in which they are located. 

A limited monarchy is, perhaps, to be considered as the agreement of the 
three great elements of government — ^the executive, the deliberative, and the 
suggestive. The first is involved with the monarchical principle, the second 
with the aristocratic, the third with the representative. The first expresses 
the will — ^the second, the mind — ^the third, the body of the people. When the 
first predominates, and in proportion to its predominance, Uie monarchy 
becomes more and more despotic ; the ruler a tyrant, in the original accep- 
tation of the term, (from the Greek, rvpawos, implying the rule or an indivi* 
dual according to his own will — ^i. e., without law;) when the second preponde- 
rates, and in proportion to its preponderance, oligarchical, (from the Greek, 
o\iyo9 apxfi, the nde of the few;) when the latter, democratical, (from the 
Greek, Ajfios, the people, and Kparea, to rule— i. e., the rule of the many.) 
In different counmes and among different races, we find tendencies to 
different extremes, as will be hereafter noticed. 

It will appear in the sequel that these principles develop themselves 
oo-extensively with corresponding religious and mdustrial conditions of 
society, and may be considered partly as consequences of them, partly as 
resulting from the physical organization of the races adopting them, and 
partly from the physical character of the country they inhabit, as inducing 
the corresponding conditions referred to. 

Simple despotism appears traceable to the congregating of men in masses : 
when in cities, as the consequence of democratic ascendancy; among 
nomad races, of warlike and migratory tendencies requiring a leader. The 
former is observable in the Ghreek cities and colonies ; the latter, among the 
Mongul races. The monarchical principle, on the otiier hand, appears rather 
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the extension of the patriarchal, the king originally having similar jurisdiction 
to that of a father of a family; it is generauy fonnd in connexion with tribal 
and aristocratic institntions, and has its further development in the constitu- 
tional monarchies of Europe, especially in England. Among the ancients, it 
is to be found among the earliest inhabitants of Greece, the Persians, the 
Etruscans, probably tne Egyptians. It is at present confined almost entirely 
to the races which have been styled Indo-Germanic or Arian (see P. Q,, p. 396), 
of which the Anglo-Saxon is tne type. With tribal distinctions, dassincation 
of trades and employments, social aivisions, as of caste in India, local govern* 
ment, guilds, and municipal institutions, are traceabie, as well as a tendency 
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a comparatively late period in the history of civilization, their development 
being slow, their tenacity proportionately great. 

Democracy naturally develops itself among commercial and manofactaring 
rommunities; its first necessity is numbers confined to a limited space: the 
apparently exceptional case presented by the United States oi America is so 
only in name, the government of that country being of a mixed character. 

The word republic, (from the Latin, res publico, commonwealth,) in its 
ordinary acceptation, implies a government dependent on the will of the 
people ; it is, therefore, properly a democratical form of constitution. Yet 
Eome, under the empire, was a despotism with republican forms; it had been 
previously an oligarchy under similar conditions. The word state (£rom the 
Latin, status, condition,) may be applied to any country having supreme 
authority within itself; it is generally used with reference to smaller political 
bodies, especially those united together for mutual advantage; such are those 
of Central Europe attached to the G^erman empire, stich the Uiuted States in 
North America. 

The word colony may be ap]>lied either to a detached province of an 
empire, kingdom, or state ; a city founded in a foreign country, but preservisg 
its connexion by tradition at least with its parent ; or a body of men emi- 
grating from one country to establish themselves in another. Great Britain 
has her colonies in the first sense in North America, Australia, and New 
Zealand; in the second, at Aden; in the third, in her emigration and coloniziiig 
companies, the first bodies of emigrants sent out by them bein^ often so 
called. The second was the application more common among the Greeks 
and Romans; the third has been very general in all ages. In this sense tbe 
Elemings founded colonies in England, the English and Scotch in Ireland, 
the Germans in Hungary and Spain. 

The word capital should be applied to those cities in which the govern- 
ment of the country is carried on. 

7 Cf the Civil Divisions qf CourUries, — G^graphically considered, we 
find under this head — 

Ist. The limits or boundaries of the country under consideration; the 
character of the frontier line thus presented, whether natural or artificia]; 
the relation to and points of connexion with the countries by which it is 
surrounded. These should be considered under this division simply with 
reference to their general government, and they may have either a inilitary 
or commercial relanon. Artificial frontiers have hitherto required barriers 
ag^ainst armed aggression or contraband trade, far more numerous and expen- 
sive than natural frontiers. We cannot violate the arrangements made by 
the Great Creator of the universe without sufiering by our folly, and the evil 
effects of this error are perhaps more apparent and more felt in the character 
of the people bordering on such a frontier, than in the expense incurred in 
maintaining it. 

Not the least important portion of the frontier of any country is its sea- 
board, if it have one. The possession of this gives freedom of action and 
comparative freedom from aggression on that quarter; opens direct commu- 
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nication with countries far distant; and enlarges the sphere of political action. 
It is the happiness of this country to possess no other, and to it she owes 
probably much of her poHtical as well as her commercial importance. 

As on an inland frontier the lines of fortresses and other artificial defences 
should be systematically described, so, on a maritime, the ports and harbours 
ayaUable for the outfit and shelter of fleets, the dockyards and arsenals 
situated upon them, with their relative capacity and importance, as well as 
the natural or artificial defences of the coast, should be care^ly noted. 

G^ie points of connexion between neighbouring countries must depend on 
the natural or artificial means of communication which exist. E/ivers, canals, 
railroads, or great military roads, such as are found in Germany, will there- 
fore come under this head ; unless, as in England, most frequently, they have 
been constructed entirely for the purposes of commercial intercourse. 

2nd. The general divisions of the empire or state : if the former, the 
states of which it is composed first, and then as in the latter when considered 
separately; the larger and more important division affecting its polity, 
whether judicial, military, or financial, as in different nations, ^ese greater 
divisions obtain different names, and as these names are not always applied 
with strict reference to their meaning or etymology, and indeed are often 
historical — ^i. e., the legacies of former ages, and indicative of divisions made 
originally for other purposes than those for which they are at present used- 
it IS better to consider them all as local terms, and. explain them as tiieir 
use becomes necessary. These first ^eat divisions relating to the general 
and central government will probably oe found susceptible of subdivisions—' 
for example, m England we mid first, the division into Shires and Counties, 
and these again subdivided into Hundreds, Tithings, &c., or Parishes, which 
are again formed into Unions, and as in military affairs, the larger divisions 
arranged in Districts. 

The cities and towns will be susceptible of the same classification. The 
metropolis (from the Grreek, mother city) belongs, as we have seen, to the 
first class, as do fortresses, arsenids, and public dockyards ; while the prin- 
cipal towns of the larger divisions must be placed in the second. 

It is difficult to distinguish exactly between a city and a town. The appel- 
lation may be consequent either on law or custom. Blackstone, in the Intro- 
duction to his Commentaries on the Laws qfJEngland, defines a city as ' a town 
incorporated, which is or hath been the see of a bishop,' and he distinguishes 
between borough and other towns. ' A borough,' he says, ' is now understood 
to be a town either corporate or not, that sendeth burgesses to parliament. Other 
towns there are to the number (Sir Edward Coke says) of 8803, which are 
neither cities nor boroughs ; some of which have the privilege of markets, and 
some not, but both are equally towns in law.' From the context it appears, 
that he considered tithings, towns, or vills, to be marked by the possession of 
a church and the celebration of divine service, the sacraments, and burials; 
towns or tithings, subsequently called vills, consisted of ten freemen; demi- vills 
of five, and hamlets of less than &ve, {See Sfelman's Glossary,) These 
divisions, as well as their extension to hundreds, and a^ain to counties and 
earldoms, being of Saxon origin, and the civil being so mtimately connected 
with the ecclesiastical, will snow not only that in these acceptations they 
are originally to be confined to England, but that in them they cannot 
be now used even here, much less m any other country, and that their 
application must be governed by custom and analogy. The word town is 
derived from the Anglo-Saxon, tynarUun; in the Dutch, tuyn, an enclosed 
place. The word vill (from the Latin, villa, a country-house, and having its 
application originally so confined) has, in modem times, been extended, as in 
America and the British Colonies, to considerable tracts of land called 
townships. Geography of course concerns itself principally with the limits 
of the divisions, and the locahties of the cities and towns ; their uses belong 
to Political History. It will be necessary, however, to enter sufficiently into 
this part of the subject to make the character of the divisions intelligible. 
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8 Cf Beliffiaus Dimsions. — It has been already noticed (see section 5) 
that the religious divisions of the world have no direct connexion with the 
political, although they have with those which are consequent on similarity of 
race. Li modem Geography, these are few, easily defined, and extensiye in 
their operation. 

They may be characterized in principle as Monotheistic and Polytheistic, 
it being now generally admitted that no nation or society of men can be 
strictly termed Atheistic ; and Cheyalier Bunsen does not hesitate to name 
religion and language as being the first facts that may be predicated of 
any nation. 

Of the monotheistic systems the principal are Christianity and Maho- 
medanism, to these may not improperly be added Buddhism, and that of the 
nations inhabiting America when it was discovered by Europeans. If this 
classification be adopted, more than two-thirds of the inhabitants of the 
world may be considered as worshippers of one Gk>d. In aU these, however, 
a tendency towards polytheism is apparent amon^ certain nations and 
families in connexion witn a personal, physical, or objective development of 
the faith professed. It is less observable in the Mahomedan thui in the 
others, because the unity of the Deity is the fimdamental article of that 
creed, but it is found even there in tne worship of saints, and the same 
amon^ the Buddhists. It is the cause of the two great divisions of 
Christianity, the Boman-catholic and the Protestant, for in this respect the 
Ghreek Church may be considered protestant. 

Christianity beins a religion divulged, not for a race, but for manldnd, 
may and does flourish among all races and families. It has, however, taken 
deepest root among the Indo-G^ermanic race fdready referred to. The Celtic 
being the more impulsive, are all but universally Koman Catholics; the 
Teutonic, the more thou^htM, as generally Protestant. The Greek Church 
(the principal characteristic of which is its entire dependence on a civil head— - 
the Emperor of Bussia) has its principal root among the Sdavonic races, 
remarkable for their subservieno^ of disposition. Mahomedanism has pre- 
vailed chiefly among the races inhabiting south-western Asia and Afiica, 
belonging to the Negritic division, as already indicated. (See P. G., p. 395.) 
Buddhism is co-extensive in the East wim the Mongul race. The other 
religions of the world appear scarcely capable of enlarged classification, being 
chiefly traditionary, and unintelligible equally to those professing them as to 
others. 

9 Of the Dominawt Beliffion. — Under this head must first be noted 
the prevalent religion, or that recognised by tibe civil government of the 
country, and the principal seats of ecclesiastical power and religious 
worship. These must of course obtain under diflerent names, accordi^ to 
the nature of the religion and language of the coimtry. The localities of 
great religious meetings or festivals ; of universities or schools devoted prin- 
cipally or entirely to ecclesiastical purposes, or carried on under ecclesiastical 
supervision and authority, should also be noted. These may, however, belong 
to the subdivision of this subject, following in natural older, in which the 
larger ecclesiastical districts of the country are described. This will depend 
on the character of the supervision exercised, whether general or sectional; 
it may also be local. The national schools of England partake of all these 
characteristics,— they are national as under government inspection, or that 
of the N'ational Society ; sectional or diocesan, the clergy exercising so lar^e a 
share of their direction ; local, because in most cases parochial. It will be 
obviously impossible to enter into such considerations in detail; in most cases 
it will be possible only to indicate the number, extent, and localitv of the 
minor divisions. Under the second head of tins, as in the civil, tne chief 
towns of the subdivisions may with propriety be noticed, whether bishops' 
sees or otherwise. 

10 Of Beligious Sects. — Having considered the leading or dominant 
religion in its geographical relation, the sects which may exist in the country 
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under deseription must be taken in order of importance ; their centre of 
locality noted, if any ; if not, their proportionate distribution. From the 
cireomstances of artificial division already alluded to, it often happens that of 
the same country poHticf^y considered the inhabitants differ essentially in 
their religious character, and are not unfrequently connected by it more 
intimately with their neig^hbours than with their countrymen. This may 
have an historical explanation, being the result of difference of origin, immi- 
gration, or otherwise, or it may be consequent on the physical character oi the 
country : the former is, perhaps, more often the case. 

This division of Political Geography, as has been noticed, is not unfre- 
quently found closely connected with both the others ; especially it will be 
observed that civil and religious liberty walk hand in hand, ana that their 
natural consequences are uie advancement of education, the increase of 
agricultural or manufacturing industry, and the extension of trade and 
commerce. 

II Cf Religious Statistics.'^lji this class, as in the preceding, some 
statistical information should be included. The numbers profbssmg the 
national creed, and those of the principal sects ; the proportion of numbers to 
area, if any sects be localized, should if possible be ascertained, and the 
industrial class to which they more particularly appertain should also be noted. 
From such facts general conclusions of much miportance may be drawn. 
Care must, however, be taken that the inferences be correct ; e. g., it might be 
correct to say that countries professing the Koman-catholic rehg^on are less 
advanced in civilization than those which have protested against it ; it would 
be incorrect to attribute this wholly to the religion, because those countries 
which have protested were once of the same faith ; the answer must be sought 
in the connexion between the character of the people and their political and 
geographical position, resulting in the one retaining, and the other protesting 
agamst the faith in Question. The cause of relifi;ious and social advancement 
may probably in like manner be found to be the same. In our own 
coimtry, the manufacturing and mining districts are said to be strongholds of 
dissent from the established religion ; it woidd be equally incorrect to refer 
this to any peculiar antagonism to the mode of faith arising out of the 
habits of tne people, or the nature of their occupations ; it should rather be 
attributed to rhe neglect of those districts by the government and the clergy, 
except in so far as the kind of labour may influence the development of we 
mental or bodily faculties respectively, as will be hereafter shown, or as the 
pursuit of wealth has a natural tendency to draw men away from religion ; 
and thus we find that the employers have taken no care of the spiritual welfare 
of their workmen, until danger to themselves has arisen from tne neglect. 

The materials for this division of inquiry into the Political Geography of 
the world are very insufficient, no good historical and statistical account of 
the religious systems extant in the world being at present in existence ; even 
the aggregate estimate of the numbers professing the great leading religiouB 
of the wond being very variously estimated, and details being obtainable only 
in those countries directly under the influence of the European races, and 
even in them they are usually very little to be depended upon. 

12 Of the industrial Geography of Countries. — The civil and religious 
divisions of countries have been described as for the most part rather 
arbitrary than natural, their connexion therefore with Geography proper is 
rather accidental than essential. The third — ^viz., the industrial, oiners from 
the others in this, that the localities in which its great divisions are found, 
have usually a natural relation to them — ^i. e., the Industrial occupations pre- 
vailing in them are consequent on their physical character. The truth of this 
will appear on very cursory inquiry. Land suitable for pasturage is seldom 
so well adapted, frequently is not at all suited to agricultural purposes. The 
localities of certain manufactures are dependent sometimes on the presence of 
the raw material, often, perhaps, on that which is necessary for its conversion 
to useful purposes. Thus the copper of Cornwall and Australia is carried to 
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the coal.difitrictB of Sonth Wales for smelting ; the cotton of America to the 
neighbourhood of iron and coal for machinery and faeL In such cases the 
proximity of good ports and harbonrs, and their connexion with the interior 
by rapid and easy transit, both for the importation of the raw material and for 
the export of the manufactured goods, is indif^ntsable. The rise of such 
commercial towns as Glasgow ana Liverpool is naturally consequent, as are 
the rapid increase of population and the extension of internal communication. 
The influence therefore of mineral wealth is most considerable, and among 
minerals, coal and iron, as of most general application, occupy the first place. 

13 Of Industrial Divisums, — ^The leadmg sub-divisions of this part of 
Political Geography have been already alluded to, as — I. Pastoral; 2. Agri- 
cultural; 3. Manufacturinii^; 4. Commercial. 

These, of course, may fiequently be found in close connexion in the same 
district, but the character of the district wiU be decided by the predominant 
industrial occupation. 

Each of these must be considered, not only as to its locality, but its 
character; and as the character of the district and consequent occupation 
of its inhabitants react upon their character, both physical and mental, it 
will be necessary to consider them in this relation also. 

14 Of Occupation. — ^The amount of mental effort necessary to direct 
physical labour varies with the nature of the employment. The predominance 
of the physical over the mental, or vice versd, will produce a development 
corresponding to the proportion of those influences in the people subject to 
them. 

Speaking generally, labour is not a characteristic of pastoral life ; in 
agricultural, me labour required is rather bodily than mental; in manu- 
factories, the labour employed is certainly skilled labour, but that often more 
the eflect of habit than knowledge or mental effort ; and this is especially the 
case in such as admit of considerable division of labour, more particularly 
so when the article manufactured is small and made in very large quantities; 
in such, the people employed may be considered rather as living machines 
than rational agents. Labour incident to commercial pursuits, especially that 
of navigation, seems, upon the whole, most conducive to an equal develop- 
ment of mental and bodily energies. 

But it is not sufficient to consider the nature of the labour to which 
different classes are subject, the leisure afforded them must likewise be 
estimated, as well as their action and reaction on each other. The eflect of 
leisure, like that of labour, differs according to its character and extent. In 
pastoral life, the labour, if ever considerable, is so only after long intervals of 
leisure; this leisure is of necessity spent among the works of nature; their 
contemplation is therefore a general consequence. The motions of the 
heavenly bodies mark the passage of time and the return of the seasons ; the 
beauties of the Earth and ner productions, and the order and harmony of the 
works of creation, produce corresponding ideas in the mind. Among pastoral 
tribes and nations, therefore, astronomy, music, and lyric poetry have been 
most frequently cultivated. The prevalence of leisure among them commonly 
gives to their relaxation the cluu^acter of physical labour, and their habits of 
contemplation and solitude give self-depenaence of character while they dispose 
the mind for the reception of superstitious rites, or even more to a speculative 
faith. It may be a Question whether the peculiarities of their lives do not 
offer a serious bar to tne reception of polvtheism and idolatry. 

In agricultural life, the regular ana continuous strain on the physical 
powers produces corresponding exhaustion; leisure is used for rest, and 
enjoyment is customanly sensud. The physical development is in muscular 
strength, the mental is overpowered by it, the religious belief assumes a 
personal and sensuous character, and becomes often vulgarly and coarsely 
superstitious. 

In the majority of manufacturing employments, the leisure is more that 
of the mind than the body, the labour bemg rather constant than severe ; and 
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wlien the employment assumes tlie cbaracter which has therefore been called 
mechanical, because like that of a machine, though applicable to a higher class 
of production, the mind may be entirely abstracted from the labour of the 
body, . and not unfrecjuently handicraftsmen ply their trade with minds 
absorbed in mathematical calculations. The more mechanical, therefore, any 
employment is, the more the mind may be disengaged, and the more varied 
ana extensive will be the mental pursuits of those engaged in it. Such labour 
is also debilitating to the body; a morbid habit is produced. The tendencies 
of this class are consequently towards abstruse speculations, mathematics, 
})hilosophj, politics. The shoemaker and the tailor may be the rival poli- 
ticians ot the country village. In districts entirely manufacturing, political 
societies and combinations are commonly found. The morbid temperament 
consequent on the nature of their employment enlarges real and suggests 
imaginary evils; nervous irritability takes the place of muscular strengtii; 
the enjoyments, often sensual, are chiefly, if not entirely, of a stimulating 
character; the religious tendencies are speculative, not imaginative ; their 
development, deistic, if not atheistic. These are, therefore, the natural resorts 
of the political reformer and the religious schismatic. 

G?he labour and leisure consequent on the pursuit of commercial industry 
are so varied in their character, that in their results they may resemble any 
or all the other classes. The sailor maj, however, be fairly taken as the type 
of this class. The leisure in his case is similar to that of a pastoral life, 
excepting inasmuch as it wants most of the beauties, while it abounds in the 
sublunities, of nature; it produces, therefore, a character ima^ative and 
superstitious, perha])s, but scarcely poetical. The constant realization of danger 
makes the recognition of a personal providence customary in him, but the 
equally constant conquest of the dangers to which he is exposed, by science, 
skiU, courage, and physical power, gives him a mental and Dodily self-depen* 
dence ime^ualled, perhaps, by any other. Accustomed to discipline, obedience 
is his pohtical characteristic, though, inasmuch as his life is spent almost 
entirely apart from civil institutions, he can scarcely be said to have any poli- 
tical creed. 

The conclusions which follow on these considerations appear, then, to be, 
that pastoral life produces a simple, impulsive, imaginative race, possiHy 
deficient in reasoning powers ; religious, but superstitious, and not idolatrous ; 
recognising an immediate connexion with the Deity, 9nd therefore conscious 
of iimerent dignity. The political character will be tribal, tending to royalty ; 
the physical, that of energy rather than strength. 

The agricultural will be the contrary of this : heavy in body and mind, 
sensual in character, his religion will be gross — ^his pohtical habit submissive 
— his self-dependence that of brute force ; he will be the slave of the despot 
and worshipper of idols. 

The mechanical will produce highly-developed reasoning faculties, com- 
bined with low physical but highly-nervous energies; the deist and the 
democrat. Cities, especially manuiacturing, have therefore been the originators 
and supporters of democratic forms of government; then of equality, pr^uctive 
of anarchy, as among the ancient Greeks and modern Italians— the domiuion 
of one, an empire, as in the case of Rome and Paris. Commercial cities have 
the same general characteristics, softened by more extended intercourse with 
the rest of the world ; and bx them the sailor often becomes a political tool, 
from his habit of obedience and his want of civil associations. 

From these it follows, moreover, that countries possessing the most varied 
physical features produce, on the whole, the most higldy-developed race of 
inhabitants. Such are the countries which have borne, and will continue to 
bear, rule in the earth. Such were Persia, Greece, Italy ; and such, but in 
a far higher degree, is England. (See Guyot's Lectures, o. 1.) 

15 OftJie FastoraL — ^The true pastoral districts are those which are only 
suited to the production of short and sweet herbage, and therefore imfit for 
tillage, either from the lightness or superficial nature of the soil. It not 
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nnfreqnentiiy, howeyer, happens that low hmds, on which luxoriaat grasses 
can be produced by irrigation, either natural or artificial, and which could also 
be made to bear large crops of other vegetables, are deyoted to the rearing of 
cattle. These are not properly to be reckoned in the pastoral districts, and 
yet they can sciurcely be otherwise classed than in them ; and a comparison 
must therefore be instituted between districts of such different character as 
the downs of Sussex and Hampshire, the hills of Cumberland and Westmore- 
land, and the rich raJleys of Hereford, Somerset, and Devon, and the flats of 
Lincolnshire* 

Land recovered from, or occasionally overflowed by, the sea is often 
devoted to tiie feeding of cattle, the saline character of the herbage being, 
for short periods, very conducive to their health. This again caa scarcely be 
considered pastoral, and with the preceding, while classed among pastoral 
in its productions, may, in the character of its inhabitants, be rather con- 
sidered agricultural. 

Pastoral coimtries generally present a nomad population ; in them, cities, 
are of course rare, and ihe peculiar character of their inhabitants is dependent 
on that of tiie animals thev rear, and the uses they put them to. Tke Lap- 
lander who tends his reinaeer to supply the necessaries of life, differs less 
from the Arab in this than in the consequences of the climate he resides in, 
while both perhaps differ equally from the Gnacho of the Pampas, who rears 
his herds of wild cattle to carry on a trade in hides and horns. When 
therefore tiiese districts come under notice, these peculiarities must be 
specified. The portions of the world naturally adapted to pastoral life, are 
usually found between the primary and secondary watersheds of the conti- 
nents on the side of their least rapid declivity and greatest extension, and 
form a very laree proportion of its surfiioe. They are not, however, fitted to 
support a popmation equivalent to their extent. From them, therefore, at 
various times great emigrations have taken place, which have had a marked 
effect on the nistory of the world. Pastoral countries may and usually 
have agricultural districts within them; coimtries not pastoral may have 
districts of that character. The influence on the people will in the one case 
be general, in the other, local. The social life of pastoral countries has been 
generally of a patriarchal nature, civil government scarcely recognised ; their 
commerce usually carried on overland hv means of caravans ; tneir poHtical 
combinations can therefore never be elaborate or lasting, their commerce 
never extensive. As the pastoral habit of life appears to have first prevailed 
after tiie Delude, so ike caravan (a word probably of Persian origin) trade 
seems to have oeen the first in use. We find it so in all countries in 
course of settlement, if suitable to it ; it disappears with the erection of 
cities and the establishment of roads^ and means of more safe and rapid 
communication. 

1 6 Of the AffrieuUurdl.'^The agricultural countries and districts of the 
world are, as the name impHes, those which are capable of cultivation by 
man, upon which he can by manual labour raise vegetables necessary for the 
support of life, and essential to the arts and requirements of civilization. 
They are usually found in the valleys of rivers; the richest and most 
extensive in the alluvial formations about their lower course and beyond the' 
secondary watersheds. Here are to be found the great corn and rice pro- 
ducing cotlntries, those which supply others with the means of subsistence — 
the granaries of the world. 

£i a state of nature, those districts of the Earth which are best adapted 
to agricultural purposes are commonly covered with the heavy ^wtn of 
vegetable life, oft;en of trees. The character of this growth, indicates the 

Duality of the soil, and the nature of the crop it is most ^culated to produce, 
'he link which connects these districts with the commercial and manufac- 
turing, is supplied by this circumstance^-the agricultural districts requiring 
the produce of the manufacturing, while these again, not producing food for 
a superabundant population, must be dependent on them for it. The identity 



GEOGRAPHICAL TERMINOLOGY. 448 

of the interests of all men and their mutual dependence on each other, thus 
appear to be the natural order of creation. 

The agricultural districts are those which follow in course of settlement 
on the pastoral. Their settlement of neces8it7 raises the question of tenure of 
land. The modes in which land may be held hj individuals may be reduced 
under two heads ; the one in which the occupier is the owner of the soil, 
the other in which he pays rent for his occupation. These have been consi- 
dered respectively characteristic of different races of men, possibly they are 
ra^er distinctive of different stages of progress. Tenure by military service, 
the basis of the feudal system, and one form of tenure by occupation, has pre- 
vailed wherever the Inao-Germanic race has been difiused, and by its pre- 
valence marks it as migratory and aggressive. We first read of rent for land 
in the book of Genesis, where Joseph bought all the land of the Egyptians 
for Pharaoh, and let it again to the Egyptians for a fifth part of the 
produce. (Gen. xlvii. 24.) These two modes of tenure, producing very dif- 
ferent effects on an agricultural population, are important to be noticed in 
Political Geography. 

It is, as has been observed, in districts of this character that cities have 
first arisen ; in them, man being stationary, property has increased, and 
with the increase the mechanical sSll of man has been developed to supply 
his artificial wants, the result of riches and society ; a marked distinction 
thus arises between the dwellers in towns and the agriculturists^a distinc- 
tion which becomes more marked in proportion to the increase of wealUi 
andpopulation. 

The nature of the agricultural produce of any district must have its effect 
on the people inhabiting it, not onnr because of the difference of climate and 
soil necessary to the production or different plants, but of the effect which 
those used for food may have on the physical energies of the people. Thus, 
the corn-producing countries will be more favourable to physical develop- 
ment than the rice-producing. It is necessary abo to consider whether the 
vegetable produce of the Earth be directly employed in manufactures, or 
trfmsportea for that purpose, as at present the three great staples, cotton, 
flax, and hemp are. 

. The transport of heavy raw material to a distance, for the purpose of 
manufacture, is evidence of a great advance in the industry of the countries 
engaged, especially that in which it is manufactured. It may also be taken 
as an indication that there is a surplus beyond the produce required for the 
food of the people. The returns will, therefore, be in manufactures or 
money, and the balance in favour of the country exporting. 

17 Of the Mantcfacturinff. ^^Mtam£axiiijLrGS are, in uie early stages of 
civilization, carried on among a nomad or an a^icultural population ; they 
become localized when either the division of labour for their conduct on a 
large scale becomes necessary, or the presence of the raw material attracts 
them to any particular place. Since tne extensive use of machinery in all 
manufactures, they have had a tendency to gather round the coal and iron 
producing districts ; the facilities of transport afforded by railroads may have 
a tendency to disperse them again. At present, however, these mmerals 
must receive special notice in connexion with the distribution of manufac- 
turing industry over the face of the globe. 

When the agricultural produce of any district is employed in neigh- 
bouring manufacture, the one is supported and enriched by the other, but it 
more often happens that the increase of manufactures in any district has a 
tendency to destroy its agricultural character. This happens especially 
in distncts, the mmeral wealth of which is the subject of^ manufacturing 
industry-^and this, if only from the necessity of findmg place for the refuse 
which has been brought to the surface with the desired mineral. In some 
mining districts, the coal in particular, the disposition of this rubbish is a 
problem often difficult and always expensive in its practical solution. But in 
any case, the necessities of a dense popxdation, whether real or artificial, the 
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supply of the wants of the poor and the luxuries of the rich, must reduc 
considerably the agricultural capabihties of the district. 

It is also a question of importance whether the manufactures of anjnl 
country are for home consumption or for exportation; if the former only, the] 
must be very limited in extent ; if the latter, they will of course be enlarffer 
to meet the demand made for the article produced. The consequence willlH^ 
a return trade and enlarged commercial relations ; and here also a reactionai 
tendency may be observed, since much of this return trade wiU be in agrici 
tural produce for the food of the manufacturing population. 

The congregation of men in manufacturing districts, and the tendency 
these employments to lower the amount of agricultural produce to be 
obtained for them, will thus compel a trade in furticles of food; but as the 
food-producing countries are usually in a low stage of civilization, their cen* 
sumption of manufactured articles is limited, and commerce therefore flows] 
in two channels. The presence of mineral wealth is dependent on geologica' 
formation, by it the localities of certaLi manufactures are of necessity 
determined; and here also, as in the other divisions, we see the nature of the 
country influencing, if not determining, the character and occupation of i^ 
inhabitants. 

1 8 Qf the Commercial. — Commerce is dependent on manufactures ; it isl 
either internal or external, maritime or over-land. Commerce is the exchange \ 
of surplus commodities ; even where it is carried on with a circulating medimu 
on one side, this is strictly true ; there must then be a surplus of money. 

These exchanges can only be made between places where the surplus is 
diflerent. The commercial relations between diflerent parts of the world are, 
therefore, determined by the character of their productions. Commerce is 
therefore, in its geographical distribution, not the result of accident, but 
subject to fixed laws. 

The paths of commerce also are reg^ulated by physical causes. The caravan 
trade of old was carried, as it is now, over table-lands, deserts, and praLnes. 
The passes of the mountain chains have directed it first into certain aistricts, 
and brought those thus connected by the head- waters of their rivers into early 
and most immediate commercial relations. In maritime commerce, islancis 
and inlets of the sea had an early share, voyages were then made across the 
ocean, but even its broad expanse did not give unlimited facilities for traffic. 
There also physical difficulties formed barriers, imperceptible indeed, but stHl 
effective. Currents and trade-winds directed commercial intercourse into 
certain channels, from which not even steam navigation has materially 
diverted it. The extension of railway traffic seems, however, likely to bring 
back much of the commerce of the world into the old overland routes, and 
by making speed the first element in the calculation, to invest those parts of 
the continental masses that approach nearest to each other with an import- 
ance they have not enjoyed smce the earliest periods of commercial enter- 
prise, as affording the more immediate means of communication. 

From what has been already said, it will be apparent, that, as extent 
is the result of elevation, or in other words, the norizontal development 
of the land is the consequence of its vertical contour, upon this also 
depends the distribution of animal and vegetable life over the surface of the 
earth, the variety of produce of different countries, their consequent rela- 
tive value as a residence for man, and the commercial relations which may 
exist between them, and no less the physical development of man himself, his 
habits of life, employments, and mode of thought, and hence, in no small 
degree, the character of his religious and political life — upon this also has 
depended the distribution of mankind over the Earth, both in time and space, 
the earlier or later peopling of different districts, the source from whence 
they have been peopled, and the paths of migration, — these have had their own 
proper effect on the history of the world, specially in the diffusion of language 
ana literature — have made the western part of llie old continent progressive, 
while the eastern has remained stationary, if it has not retrograded. 



GEOGRAPHICAL TERMINOLOGY. 445 

The presence of minerals and metals has also been shown to be dependent 
on the same cause, being found only in certain parts of the geological series. 
They are available only when those portions are presented. The rocks which 
have been formed by fluvial deposit, and especially the coal measures, could 
only have been so formed in entire or partial basins, and their localities have 
therefore been determined by vertical contour at the period of their forma- 
tion ; while those minerals and metals which are formed in connexion with 
rock of earlier place in the series, are only available for the purposes of man 
where they make their appearance above or through the others. The localities 
of manufacturing and mining industry have therefore been pre-arranged by 
the same cause. It has been shown that commercial exchanges are the result 
of variety of produce, that this variety is the conseauence of variety of contour, 
that the paths of commerce by land are determined by, and that those by sea 
have been, and are now dependent on the same causes. It has also appeared 
that all these have a reciprocating effect on each other ; for not only do 
manufactures encourage and develope agriculture, if not at home, of necessity 
elsewhere, that commerce arises and is maintained by the variety of supply and 
demand ; but that different kinds of manufactures and variety of commercial 
intercourse, as well as of agricultural produce, stimulate and encourage those 
with which they are connected ; and tnus it becomes apparent that countries 
possessing the greatest physical development are capable of the greatest 
industrial development alio. The knowledge therefore of vertical contour 
must be the basis of aU true geographical knowledge, and from the considera- 
tion of its effects we must c<>nclude that the Great Creator in giving form to 
the Earth disposed certain causes to necessary ends, and that in this dis- 
position he proposed the ends to which he has adapted the means, and that 
we, as parts of his creation, more especially those to whom as his intel- 
ligent servants he has given the rule and use of his inferior creation, shall 
act most to his glory, and best fulfil the conditions of our own existence, when 
we direct our actions, whether political or social, with an intelligent apprecia- 
tion of them ; and that his original designs and beneficent intentions towards 
the world cannot be fulfilled oy us, until we know, appreciate, and apply to 
their proper purposes, the capabilities, not of one but of all countries, until 
we consider not only what one country may be made to produce, or what one 
people are capable of producing, but how tiie produce thus obtained will 
affect other countries, how advantage may result to others also ; in short, till 
the good of the many be consulted, instead of that of the few, and we fulfil 
generally, as well as particularly, the royal law, to do to others as we would 
have them do to us. 

To this desired consummation, the knowledge of geography in its highest 
relations is necessary. This can only be attained by careful initiation mto its 
elements. The importance of the end to be attained may well stimulate to 
more laborious and iminteresting investigations than this science requires. 
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